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V. 


THE CINCINNATI AND COVINGTON SUSPEN- 
SION BRIDGE. (Fig. 10.) 

Tue main span of this bridge has a 
length of 1057 feet from center to cen- 
ter of the towers, and the side spans are 
each 281 feet from the abutment to the 
center of the tower. The deflection of 
the cable is 89 feet at a mean tempera- 
ture, or about 1—11.87th of the span. 
There is a single cable at each side of 
the bridge. Each of these cables is made 
up of 5200 No. 9 wires, each wire having 
a cross-section of 1-60th of a square 
inch and an estimated strength of 1620 
Ibs. Each of these cables has a diameter 
of 124 inches, and an estimated strength 
of 4212 tons. Each cable rests at the 
tower upon a saddle of easy curvature, 
the saddle being supported by 32 rollers 
which run upon a cast iron bed-plate 
8X11 feet, which forms part of the top 
of the tower. Since the bed-plate is 
horizontal this method of support ensures 
the exact perpendicularity of the force 
which the cables exert upon the towers, 
without its being necessary to make the 
inclination of the cable on both sides of 
the saddle the same. There is, there- 
fore, no tendency by the cables to over- 
turn the towers, and they need only be 
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| proportioned to bear the vertical stresses 
| coming upon them. 

| As this bridge differs greatly in some 
respects from other suspension bridges, 
it seems necessary to describe its 
peculiarities somewhat minutely. 

The roadway and sidewalks make a 
platform 36 feet wide, extending from 
abutment to abutment, 1619 feet. It is 
built of three thicknesses of plank solid- 
ly bolted together, in all 8 inches thick. 
This is strengthened by a double line of 
rolled I girders, 1630 feet long, running 
the entire length of the center of the 
platform. These I girders are arranged 
one line above the other, and across be- 
tween them, at distances of 5 feet, run 
lateral I girders which are suspended 
from the cable. The upper line of 
girders is 9 inches deep, (and 30 lbs. per 
foot); the lower line is 12 inches deep 
(and 40 lbs. per foot). The lateral 
girders are 7 inches deep (and 20 Ibs. per 
foot), and are firmly embraced between 
the double line of longitudinal girders. 
The girder of this center line are 
each 30 ft. long, and are spliced together 
by plates in the hollows of the I but 
the holes through which the bolts pass 
are slots whose length is two or three 
‘times the diameter of the bolts. This 
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makes a “slip joint” such as is often | 


used in fastening the ends of the rails on 
a railroad. The slip joints permit the 
wooden planking of the roadway to ex- 
pand and contract from variations of 
moisture and temperature without inter- 
ference from the iron girders which are | 


They are attached every 15 feet to the 
roadway at the lower joints of the truss- 


| ing, and are kept straight by being fast- 
‘ened to the suspenders where they cross 


them. This system is shown in Fig. 6 in 
which all the stays for one cable are 
drawn together, with every third sus- 


bolted to it. /pender. The suspenders occur every 5 
There is also a line of wrought-iron | feet throughout the bridge but none are 
truss-work about 10 feet deep extending | shown in the figure except those attach- 
from abutment to abutment on each side ed at the same points as the stays. 
of the roadway, consisting of panels vf These stays must sustain the larger 
5 feet each, to each lower joint of which | part of any unbalanced load, at the same 
is fastened a lateral girder and a suspen-| time producing a thrust in the roadway 
der from the cable. This trussing is a | against either the abutment or tower. 
lattice with vertical posts and ties ex-| It is really an indeterminate question 
tending across two panels, and its chords | as how the division of the load is made 
* are both made with slip joints every 30|between the stays and trussing; and 
feet. ‘this the more, because of the manner in 
It is apparent that this whole arrange-| which the other extremities of the stays 
ment of flooring with the girders andj|are attached. Of the nineteen stays 
trusses attached to it possesses a very carried to the top of one tower, the eight 
small amount of stiffness, in fact the|next the tower are fastened to the bed 
stiffness is principally that of the floor-| plate under the saddle, and so tend to 
ing itself. It will permit a very large pull the tower into the river; the remain- 
deflection, say 25 feet, up or down from |ing eleven are carried over the top of 


its normal position without injury. Its 
office is something quite different from | 
that of the ordinary stiffening truss of a 
suspension bridge. It certainly serves 
to distribute concentrated loads over 
short distances, but not to the extent re- 


the tower, and rest on a small independ- 
ent saddle, beside the main saddle, and 
are eight of them fastened to the middle 


portion of the side spans as shown in Fig. 


6, while the other three are anchored to 


‘the abutment. 


quired, if that were the sole means of| In view of the indeterminate nature 
preserving the cable in a fixed position of the problem, it has seemed best to 
under the action of moving loads. Its| suppose that the stays should be propor- 
true function is to destroy all vibrations tioned to bear the whole of any excess 
and undulations, and prevent their pro-| of loading of any portion of the bridge, 
pagation from point to point by the|over the uniformly distributed load 
enormous frictional resistance of these | (which latter is of course borne by the 
slip joints. When a wave does work | cable itself); and further that the truss 
against elastic forces, the reaction of| really does bear some fraction of the 
those forces returns the wave with unbalanced load, and that the bending 
nearly its original intensity, but when it | moments have therefore the same relative 
does work against friction it is itself|amounts as if they sustained the entire 
destroyed. | unbalanced load. This fraction, how- 
The means relied on in this bridge to ever, is quite unknown owing to the im- 
resist the effect of unbalanced loads is a! possibility of finding any approximate 
system of stays extending from the top| value of the moment of inertia J for the 
of the tower in straight lines to those|combined wood and iron work of the 
parts of the roadway which would be | roadway. 
most deflected by such loads. Thereare| This method of treatment has for our 
76 such stays, 19 from the top of each/| present purpose this advantage, that the 
tower. The largest stays extend so far| construction made use of is the same as 
as to leave only 350 feet., z.¢., a little that which must be used when there are 


over one-third of the span, in the center 
over which they do not extend. Each | 
stay being a cable 2} inches in diameter | 

has an estimated strength of 90 tons. | 


no stays at all, and the entire bending 


moments induced by the live loads are 
borne by the stiffness of the truss alone. 
Now in order to determine the tension 
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in any stay, as for instance that in the! 
longest stay leading to the right hand | 
tower, lay off v,v, equal to the greatest | 
unbalanced weight, which under any) 
circumstances is concentrated at its lower 
extremity. This weight is sustained by | 
the longitudinal resistance of the floor-| 
ing, and the tension of the stay. The 
stresses induced in the stay and flooring | 
by the weight, are found by drawing | 
from v, and v, the lines v,0 and v,0 par- | 
allel respectively to the stay and the| 
flooring. Then v,0 is the tension of the | 
stay, and that of the other stays may be 
found in a similar manner. 

It is impossible to determine with the 
same certainty how the stress ov, paral- 
lel to the flooring is sustained. It may 
be sustained entirely by the compression 
it produces in the part of the flooring 
between the weight and the tower or the | 
abutment; or it may be sustained by the 
tension produced in the flooring at the 
left of the weight; or the stress ov, may | 
be divided in any manner between these 
two parts of the flooring, so that v,v,’ 
may represent the tension at the left, 
and ov,’ the compression at the right of 
the weight. It appears most probable 
that the induced stress is borne in the 
case before us by the compression of the 
flooring at the right, for the flooring is 
ill suited to bear tension both from the 
slip joints of the iron work and the want 
of other secure longitudinal fastenings; 
but on the contrary it is well designed 
to resist compression. The flooring 
must then be able at the tower to resist 
the sum of the compressions produced by 
the all unbalanced weights which can) 
be at once concentrated at the extremi- 
ties of the nineteen stays. 

There is one considerable element of 
stiffness which has not been taken account 
of in this treatment of the stays, which 
serves very materiallyto diminish the max- 
imum stresses to which they might other- 
wise be subjected. This is the intrinsic 
stiffness of the cable itself which is formed 
of seven equal subsidiary cables formed 
into a single cable, by placing six of 
them around the seventh central cable, 
and enclosing the whole by a substantial 
wrapping of wire, so that the entire 
cable having a diameter of 124 inches, 
affords a resistance to bending of from | 
one sixth to one half, that of hollow) 
cylinders of the same diameter and equal | 


cross section of metal. Which of these 
fractions to adopt depends somewhat 
on the tightness and stiffness of the 
wrapping. 

It is this intrinsic stiffness of the cable 
which is largely depended upon in thecen- 
tral part of the bridge, between the two 
longest stays, to resist the distortion 
caused by unbalaneed weights. 

As might be foreseen the distortions 
are actually much greater in the central 
part of the bridge than elsewhere, though 
they would have been by far the greater 
in those parts of the bridge where the 
stays are, had the stays not been used. 

he center of a cable is comparatively 
stable while it is undergoing quite con- 


'siderable oscillations, as may be readily 


seen by a simple experiment with a rope 
or chain. 

Let us now determine the relative 
amount of the stresses in the stiffening 
truss, on the supposition that the actual 
Stresses are some unknown fraction of 
the stresses which would be induced, if 
there were no stays, and the truss was 
the only means of stiffening the cable. 
We, therefore, have to determine only 
the total stresses, supposing there are no 
stays, and then divide each stress ob- 
tained by z (at present unknown) to ob- 
tain the results required. Let us draw 
the equilibrium polygon d@ which is due 
to auniform load of depth xy, and which 
has a deflection dd six times the central 
deflection of the cable. The loading of 
the cable is so nearly uniform, that each 
of the ordinates of the type dd, may be 
considered with sufficient accuracy to be 
six times the corresponding ordinate of 
the cable. Any multiple other than six 
might have been used with the same 
facility. In order to cause the polygon 
to have the required deflection with any 
assumed pole distance it is necessary to 
assume the scale of weights in a particu- 
lar manner, which may be determined 
easily in several ways. Let us find it 
thus : 

Eet W=one of the concentrated weights. 
Let D=central deflection of cable. 
Let S=span of the bridge 


Let MZ=central bending moment due to 
the applied weights. 


Then, if the pole distance=4S, M=48 
x6D=28D, for the moment is the pro- 
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duct of the pole distance by the ordinate |in any position and laying off the ordi- 
of the equilibrium polygon. Again, com- | nates of the type Jc equal to those in the 
puting the central moment from the ap-| polygon so drawn, or better as is done 
plied forces, he Ral ge by ae, - = 
= —_ 3 TY, weight line that part of the total loa 
RNR AWK Bend WE, | which is borne <4 each pier, which is 
in which the first term of the right hand | readily computed, as follows: The 
member is moment of the resistance of | distance of the center of gravity of the 
the piers, and the second term is the mo-| ]oading divides the span in the ratio of 
ment of the concentrated weights applied |17 to 27. Hence 34 and ii of the total 
at their center of gravity. ‘load are the resistances of the piers, or 
. = . a | since the total load=11 W, we have 6,’x, 
“ SURaaD. WatD, |e Weed bu,'¥ W. ‘Now make w, 
Hence, if one-third of the span is to|%—the weight concentrated at J,, etc., 
represent the pole distance or true hori-| and 6 ’u,+.%.= that at 2. Then draw 
zontal tension of an equilibrium curve the polygon c. 
having six times the deflection of the) The polygon ¢ has the same central 
cable, each concentrated weight when deflection as the polygon d; for compute 
the span is divided into twelve equal | as before, 
arts, is represented by a length equal to ‘ 2 
Pot the defection of the arta The| °° M=* Wx45—4 Wx}S=1 WS 
true horizontal tension of the cable will|in which the first term of the second 
be six times that of the equilibrium| member is the moment of the resistance 


polygon, or it will be represented, in the 
scale used, by a line twice: the length of 
the span. Now taking # as the pole, at 
distances }b,=0),'=348, lay off },'0,= 
b,w,/=4 W=%D, so that they together 
represent the weight concentrated at b; 
and let 2,2,= W, represent the weight 
concentrated at b,, etc. Then can the 
equilibrium polygon d be constructed by 
making dd, || bw,, d,d, || bw,, ete. 
=6/ the polygon must pass through 3, 
and 4,’, which tests the accuracy of the 
work. 

Now to investigate the effect of an 
unbalanced load covering one-half the 
span, let us take one half the load on the 
right half of the span and place it upon 
its left, so that xz and ab represent the 
relative intensity of the loading upon 
the left and right half of the span re- 
spectively, the total load being the same 
as before. If it is desirable to consider 


that the total load has been increased | 


by the unbalanced load we have simply 


to change the scale so that the same) 


length of load line as before, (viz, 4,/w, 
+6,w,’) shall represent the total loading. 
This will give a new value to the hori- 
zontal tension also. 

Now let a new equilibrium polygone be 


If dd | 


of the right pier, and the second term is 
|the moment of the concentrated weights 
applied at their center of gravity. 

By similar computations we may prove 
the following equalities; 
I,'¢,' 3 


= — to P ee 
de,=d,e,=—d,'e,'=—d, 


as ee 
de=de,=—d,'e,,=—d,'e,' ; 





— |) 
d,e,=d,'e,’. 


The quantities of the type de are propor- 
| tional to the bending moments which the 
'stiffening truss must sustain if it pre- 
‘serves the cable in its original shape, 
'when acted on by an unbalanced load 
of depth da, on the supposition that the 
truss has hinge joints at its ends, and is 
by them fastened to the piers. For in 
that case the cable is in the condition of 
an arch with hinge joints at its ends. 
The condition which then holds is this: 


> (May) => (Mey) 
or 


> 
=(Ma—M,) y=0 .*. (ed) y=0. 
This last is fulfilled as is seen by the 
\above equations, for to every product 
'such as +6.d,xd,c, corresponds another 
| —2,'d,’x4, ec,’ of the same magnitude 
but opposite sign. 


drawn, which is due to the new distribu-| The polygon ¢ could have been ob- 
tion of the concentrated weights. It is| tained by a second equilibrium polygon 
necessary to have the closing line of this | in a manner precisely like that used be- 
polygon ¢ horizontal, and this may ac-/fore, but as it appears useful to show 
complish either, by drawing the polygon the connection between the methods of 





NEW CONSTRUCTIONS IN GRAPHICAL STATICS. 


389 





treating the arch rib which is itself stiff, 
and the flexible arch or cable, which is 
stiffened by a separate truss, we have 
departed from our previously employed 
method for determining the polygon e¢, 
as it is easy to do when both ¢ and d are 
parabolic. 

Now let us compute the bending mo- 
ment 

=d,e,x4 3= Me— My, 


M,.=*F WX 2 S=% WS 
My=% NX 2S=ti WS 
2 M.—Ma=* WS. 


Compute also the bending moment at 
the vertical through 2, 


M.=tWxtS—3Wxe&kS= WS 
M,='# WxtS— Wx tk S=it ws 
. M.—Ma=si WS 


Similar computations may be made for 
the remaining points, and this note- 
worthy result will be found true, that 
the bending moments induced in the 
stiffening truss by the assumed loading, 
are the same as would have been induced 
by a positive loading on the left of a 
depth yz, and a negative loading on the 
right of an equal depth y/. For com- 
pute the moments due to such loading 
at the points 4, and &,. 

The resistance of the pier due to such 
loading = 4 W 

o's M,= §{WxerS=AWs 

and 


M.=4 Wx i S—3Wx kS=t WS, ete. 


We arrive then at this conception of 
the stresses to which the stiffening truss 
is subjected, viz:—the truss is loaded 
with the applied weights acting down- 
ward, and is drawn upward by a uni- 
formly distributed negative 
whose total amount is equal to the posi- 
tive loading, so that the load actually 
applied at any point may be considered 
to be the algebraic sum of the two loads 
of different signs which are there applied. 
This conception might have been derived 
at once from a consideration of the fact 
that the cable can sustain only a uniform 
load, if it is to retain its shape; but it 
appears useful in several regards to show 
the numerical agreement of this state- 
ment with Prop. IV of which in fact it 
is a particular case. It is unnecessary 


loading, | 


to make a general proof of this agree- 
ment, but instead we will now state a 
proposition respecting stiffening trusses, 
the truth of which is sufficiently evident 
from considerations previously adduced. 

Prop. VI. The stresses induced in the 
stiffening truss of a flexible cable or arch, 
by any loading, is the same as that which 
would be induced in it by the application 
to it of a combined positive and negative 
loading distributed in the following 
manner, viz: the positive loading is the 
actual loading, and the negative loading 
is equal numerically to the positive load- 
ing, but is so distributed as to cause no 
bending moments in the cable or arch, 
i.e., the cable or arch is the equilibrium 
polygon for this negative loading. 

By flexible cable or arch is meant one 
which has hinge joints at the points 
where it supports the stiffening truss. It 
need not actually have hinge joints at 
these points : the condition is sufficiently 
fulfilled if it is considerably more. flexi- 
ble than the truss which it supports. 

The truth of Prop. VI has been recog- 
nized by previous writers upon this sub- 
ject in the particular case of the para- 
bolic suspension cable, and Rankine has 
erroneously applied it to the determina- 
tion of the bending moments in the arch 
rib. It is inaccurate for this purpose in 
two particulars, inasmuch as in the first 
place the arch to which it is applied is 
not parabolic, though the negative load- 
ing due to it is assumed to be uniform, 
and in the second place the horizontal 
thrust is not the same for the different 
kinds of arch rib, while this assumes the 
same thrust for all, viz: that arising 
from a flexible arch or one with three or 
more joints. 

A similar proposition has been intro- 


| duced into a recent publication on this 


subject*, but in that work the truss stiff- 
ens a simple parabolic cable, and the 
truss is not supposed to be fastened to 
the piers, so that it may rise from either 
pier whenever its resistance becomes 
negative. As this should not be permit- 
ted in a practical construction the case 
will not be discussed. In accordance 


| * Graphical Statics, A. J. Du Bois, p. 329, published 
| by John Wiley & Son, New York. 
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with Prop. VI let us determine anew | assumed loading, when its ends are sim- 
the bending moments due to an unbal-| ply fastened to the piers. 

anced load on the left of an intensity) Now dd was the ordinate of an equili- 
denoted by dz. As before seen this pro- | brium polygon having the same horizon- 
duces the same effect as a positive load-/ tal tension, and under a load of the same 
ing of an intensity yz=/m=4b2 on the |intensity covering the entire span. It 
left, and a negative loading of an inten-| will be found that dd=*# f,e,, which may 
sity yh=fn=4bz. Nowusing g as apole be stated thus:—the greatest bending 
with a pole distance of gf,=one third of moment induced in the stiffening truss, 
the span lay off the concentrated weight | by an unbalanced load of uniform in- 
P,P,=that applied at 4, etc., on the tensity is four twenty-sevenths of that 
same scale as the weights were laid off produced in a simple truss under a load 
in the previous construction, and in such of the same intensity covering the entire 


a position that g is opposite the middle 
of the total load, which will cause the 
closing line to be horizontal. Then 
draw the equilibrium polygon a due to 
these weights. The ordinates of the 
type af are by Prop. VI proportional to 
the bending moments induced in the 
stiffening truss by the unbalanced load 
when the truss is simply fastened to the 
piers at the ends, and, as we have seen, 
each of the quantities @/ is identical with 
the corresponding quantity cd. 

If the stiffening truss is fixed horizon- 
tally at its ends a closing line Ah’ must 
be drawn in such a position that >(/) 
=0, and as it is evident that it must di- 


vide the equilibrium polygon symmetri- 
cally it passes through / its central 
point. 

As stated in a previous article, the 
maximum bending moments at certain 
points of the span are caused when the 
unbalanced load covers somewhat more 


than half of the span. In the case of a 
parabolic cable or arch the maximum 
maximorum bending moment is caused 
when this load extends over two-thirds 
of the span, as is proved by Rankine in 
his Applied Mechanics by an analytic 
process. Let the load extend then over 
all except the right hand third of the 
span with an intensity represented by 
bz=q,9,'. Then if f,’/¢,=4f/¢,/, the 
truss may by Prop. VI be considered to 
sustain a positive load of the intensity 
J./7, on the left of b,’, and a negative 
load of the intensity /,’¢,’ on the right 
of b,’. Using g’ as the pole and the 
same pole distance as before, lay off the 
weight 4,g, concentrated at 5,, etc., so 
that g’ is opposite the middle of the 
weight line. e thus obtain the equili- 
brium polygon e, in which the ordinates 
of the type ef are proportional to the 
bending moments of the truss under the 


‘span. This result was obtained by Ran- 
/kine analytically. If the truss is fixed 
horizontally at its ends, we must draw a 
closing line kk’, which fulfills the condi- 
_tions before used for the straight girder 
fixed at the ends, as discussed previously 
‘in connection with the St. Louis Arch. 
By the construction of a second equili- 
brium polygon, as there given, we find 
‘the position of 4k’; then the ordinates 
ke will be proportional to the bending 
'moments of the stiffening truss. 

| Theshearing stress in the truss is obtained 
from the loading, which causes the bend- 
'ing moment in the same manner as that 
|in any simple truss. The horizontal ten- 
|sion in the cable, is the same whenever 
the total load on the span is the same, 
and is not changed by any alteration in 
‘the distribution of the loading, which 
\fact is evident from Prop. VI. The 
|maximum tension of the cable is found 
/when the live load extends over the 
entire span, and is to be obtained from a 
force polygon which gives for its equili- 
brium polygon the curve of the cable 
itself, as would be done by using the 
weights w,w,, etc., and a pole distance of 
six times 0b,=twice the span. 

The temperature strains of a stiffening 
truss of a suspension bridge are more 
severe than those of the truss stiffening 
an arch, because the total elongation of 
the cable in the side spans as well in the 
main span, is transmitted to the main 
span and produces a deflection at its 
center. This is one reason why stays 
furnish a method of bracing, particularly 
applicable to suspension bridges. But 
supposing that the truss bears part of 
the bending moment due to the elonga- 
tion of the cable, it is evident that when 
the truss is simply fastened to the piers, 
the bending moments so induced are 
proportional to the ordinates of the type 
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bd, for by the elongation of the cable, it | the abutment would tip over before the 
transfers part of its uniformly distrib- | cable could be torn asunder. And since 
uted weight to the truss. | the angle vsr is greater than the angle 

That load which the cable still sus-|of friction between the abutment and 
tains, is uniformly distributed, if the | the ground it stands on, the abutment if 
cable still remains parabolic, Chorefore | standing on the surface of the ground, 
that transferred to the truss is uniformly | would slide before the cable could be 
distributed. |torn asunder. 

When the truss is fixed horizontally} The smallest value which the factor of 
at the piers, the closing line of the curve | safety for the cable assumes under a 
d must be changed so that >(J/)=0, | maximum loading is computed to be six. 
and the bending moments induced by| Take st/=j{st as the greatest tension 
variations of temperature, will be pro-| ever induced in the cable, then s7’ the 
portional to the ordinates between the | resultant of sv and st’ cuts the base so 
curve d and this new closing line. far within the face that it is apparent 

It remains only to discuss the stability | that the abutment has sufficient stability 
of the towers and anchorage abutments. | against overturning, and the angle vs7’ 
The horizontal force tending to overturn | is so much smaller than the least value 
the piers comes from a few stays only,|of the angle of friction between the 
as was previously stated, and is of such abutment and the earth under it, that 
small amount that it need not be consid-|the abutment would not be near the 
ered, point of sliding even if it stood on the 

The weight of the abutment in|surface of the ground. It should be 
the case before us is almost exactly | noticed that all the suspenders in the 
the same as the ultimate strength | side span assist in reducing the tension of 
of the cable. Suppose that st=sv are| the cable as we approach the abutment, 
the lines representing these quantities in and conduce by so much to its stability. 
their position relatively to the abutment. | Also the thrust of the roadway may as- 
Since their resultant sv intersects the sist the stability of the abutment, both 


base beyond the face of the abutment, with respect to overturning and sliding. 





STREET TRAMWAYS. 


By Captain DOUGLAS GALTON, C.B., R.E., D.C.L., F.R.S. 
From “ Journal of the Society of Arts.” 


ances can be brought into more extended 
use. 


I cannot better commence this paper 
than by calling attention to the remarks 


made last autumn by Mr. E. Chadwick 
at Glasgow, in which he points out that 
the best remedy for the insanitary con- 
dition of towns by overcrowding is to 
cheapén transit by every means, so as to 
spread the population to fresh suburban 
lands, where ground rents are less expen- 
sive and sites more open. 

Science has now rendered this com- 
paratively easy by providing mechanical 
appliances that will, to a great extent, 
supersede the use of horse-power in 
public vehicles. The social problem in 
this matter is at least as important as 
the engineering problem, but it is only 
by public discussion that these appli- 





The railway affords communication 
between foci of population—but the rail- 
way is especially calculated for convey- 
ing large numbers of passengers, and 
large quantities of goods in each train; 
and for the efficient working of the rail- 
way the distance between the points 
where the traffic is collected must be 
sufficient to allow of the train acquiring 
speed between its several stoppages; 
for unless this is the case one of the main 
advantages of a railway, viz., speed, is 
lost. 

In towns, the points at which passen- 
gers desire to be taken up or set down 
are so numerous that the number of sta- 
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tions cannot be multiplied sufficiently to 
accommodate everybody. In the coun- 
try districts, on the other hand, the 
traffic is scattered, and the railway itself 
has to be fed by roads, along which the 
traffic comes to the station in quantities 
which would be insufficient to fill a com- 
plete train. The ordinary railway is in- 
applicable to either of these cases; but 
cheapness of transport is as desirable in 
the collection of traffic as it is in its sub- 
sequent conveyance. The cost of trans- 
port depends on the smoothness of the 
road. 

Thus the tractive force required to 
draw one ton on a level on well laid iron 
rails on a railway is about 7 lbs.; stone 
tramway (smooth), 20 lbs.; asphalte, 27 
lbs.; wood pavement, 38 lbs.; macadam 
(very good), 40 lbs.; ditto, gravelly, 50 
Ibs.; ditto, new, 96 lbs.; soft, sandy, and 
gravelly ground, 210 lbs. Thus after 
the iron rail the smooth granite affords 
the best surface. The provision of a 
smooth surface for wheel tracks for ordi- 
nary horse traffic is of old standing. A 
description of this system, as adopted in 
Italian towns, was given by Mr. P. Le 
Neve Foster, jun., C.E., in a former 
number of the Society’s Journal. It 
_ may be seen in the Commercial Road. 
Mr. Chadwick has proposed, in lieu of 
the granite slabs, asphalte wheel tracks. 
These wheel tracks must necessarily be 
somewhat broad, to enable them to ac- 
comodate the various widths of vehicles. 
Where one horse is used the inter- 
mediate space may be so paved as to 
afford a foot-hold for the horses; but 
where two horses abreast are used a 
proportion of their useful power is lost 
by the slippery foot-hold afforded by the 
broad slabs. 

The harder the material of which the 
wheel track is made, the more slippery 
does it become. It follows that, for the 
convenience of horse traftic, it is prefera- 
able to limit as much as possible the 
width of the wheel track; but when this 
width is closely limited it becomes 
necessary to provide it with a flange, or 
some means of keeping the wheels in 
their place. 

The tramway, as is now understood, 
consists of an iron rail adapted to a par- 
ticular width between the wheels, and 
constructed so as to admit only of a 
special form of wheel. 





It is to this form of tramway that 
recent legislation has applied, and it is to 
its aspect as a means of extending the 
advantages of the railway system that I 
propose to devote this paper. 


TRAMWAY LEGISLATION, 


Parliament first recognized the import- 
ance of tramways by general legislation 
in 1870. 

The General Act of 1870, to facilitate 
the construction and to regulate the 
working of tramways, enables the Board 
of Trade to make provisional orders 
authorizing the construction of tram- 
ways, such tramways to be constructed, 
either by the local authority or authori- 
ties of the district, out of rates, or out 
of money borrowed on the security of 
rates; or else by private companies, with 
the consent of the local authority, or of 
the road authority of the district. But 
in cases where the proposed tramway 
lies in more than one district, the Board 
of Trade may overrule the opposition of 
a minority of districts, provided two- 
thirds of the proposed length lies in 
districts in which the authorities are con- 
senting parties. 

The permission to use steam power is 
limited to the time during which the re- 
strictions imposed by the by-laws are 
adhered to; and power is reserved to the 
Board of Trade to vary the by-laws. 

The steam engine is to be so construct- 
ed that, if it at any time attains a speed 
of more than ten miles an hour, the steam 
shall be at once shut off by self-acting 
machinery, which shall also apply the 
breaks. The engine shall be fitted with 
an indicator and recorder of the speed, 
with a fender to throw off obstructions, 
and with a bell to be rung as a warning 
when necessary, and from time to time, 
to give notice of the approach of the 
engine. The engine shall be free from 
noise produced by the biast and* clatter 
of machinery; it shall not emit steam or 
smoke; no fire shall be visible from it; 
the machinery shall not be exposed to 
within four inches level of the rails; no 
hot air shall issue in a way to annoy 
passengers; the entry to and exit from 
the car shall be separate from the steam 
engine and its appurtenances. 

The by-laws specially limit the actual 
rate of speed to be allowed, which may 
vary in each case, but they provide that 
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the speed through moveable facing points 
shall not exceed four miles an hour. In 
the event of a horse being frightened 
when near any steam engine in motion 
on the tramway, the driver of the engine 
shall immediately bring the engine to a 
stand, 

It is noteworthy that more progress 
would seem to have been made in foreign 
countries, in the use of steam as a motive 
power for tramways, than in _ this 
country. It is in use at Brussels and 
Vienna, and is on trial at Paris, Stock- 
holm, and Copenhagen, Philadelphia, 
Chicago, San Francisco, and New York. 
AVERAGE COST OF HORSE TRACTION ON 

TRAMWAYS. 

In the discussion of the question of 
steam and horse power for tramways, it 
is necessary, first of all, to understand 
the actual merits of each, so far as cost 
of working is concerned; and if there is 


any pecuniary advantage in the use of | 


steam, to consider how far it is counter- 
balaneed by other difficulties. 

The estimate given by Mr, Alphonse 
Spee, of the Société des Ingénieurs de I’ 
Ecole de Liége, of the cost of horses to 
horse a tram-car capable of holding 44 
persons, drawn by two horses, on the 


Bois de la Cambre tram-road at Brussels, | 


having gradients of 1 in 33, and an in- 
cline nearly 1} miles long, of 1 in 100, 
are as follows : 


COST OF WORKING THE TRAMWAY TO THE BOIS 
DE\LA CAMBRE IN BRUSSELS BY HORSE POWER. 
S £& 
Ten horses, at £37 10s............. 375 0 0 
Stables, at 10 square meters per 
horse=100 square meters, at 16s. 
8d. per square meter, x £1 13s. 4d. 
per horse, to cover cost of build- 
eS 
Yards, 10 square meters per horse ; 
100 square meters, at £1......... 100 0 


725. 0 0 
Which, at 5 per cent. per annum, 

= say 2s. per day. Daily keep of 

each horse : 

1 
10 


as 
oe 
| 0 211 

_ Orsay, £1 9s. 2d. for 10 horses. 
Sinking fund for horses, at 20 per. 
cent. on £375... BE Pee 
Which is equivalent to (per day). . 
Therefore 2s. x £1 9s. 2d. x 4s. 14d 

=per car per day 


The horses perform each total journey 


75 60:00 
0 414 


1 15 33 


| of nearly sixteen miles a-day. 


0! 


In Bel- 
|gium, on tramways with gradients not 
| exceeding 1 in 100, and with cars hold- 
|ing 40 passengers, drawn by one horse, 
| the cost for horse cars was estimated at 
| 17s. 6d. per day per omnibus. 
| The cost of running expenses in the 
| best managed horse tramway lines in 
| England, including horse hire, horse 
| keep, drivers and pole-shifters’ wages, 
| but excluding stable rent, car repairs, 
and sinking fund, have been stated at 8d. 
| per car-mile run. 

The cost of horse power to the London 
| Tramway Company has been published 


_|as follows: 


P 


d. 


0 


s. 
| 1 car-driver, at 29s. per week l 45s. 117 0 
| 1 conductor, at 20s. . 
| 12 horses required to work 1 car ; 
cost of keep, wear, &c., of each 
horse inclusive of deaths and loss 
by re-sale, 22s. per week ; 26,260 
miles perannum ; 12 horses at 22s. 
per week.... 
Repair of car, a 


This does not include interest of 
money, or the cost of lighting, cleaning, 
and general expenses, which would be 
approximately the same in horse and 
steam cars, and may therefore be omitted 
| for purposes of comparison. 
| The cost of the horse traffic in the 
| Wantage tramway is stated to have been 
|as follows, per day of twelve hours : 





| 

| £ d. 
0 
0 
4 
2 
0 
0 


8. 
12 


Powr berses, ab B8s 6...occcccscee 0 
| . . 

DR eo nas awe @hrshankiwn 0 
Conductor 

Oil and light... 

Wear and tear estimated 

Rent of stables 


6 
2 
0 
6 


~ 


| 7 6 
| 0 &} 
| A great difficulty in the traction of 
| tram-cars results from the frequent start- 
_ing and stopping of the car for taking up 
and setting down passengers, because of 
| the heavy strain at starting. 
| The following table of some experi- 
ments, published by Mr. Alph. ‘Spee, 
| shows the tractive force required to start 
| @ tram-car on various sorts of roads, the 
| weight of the car, with its load, being 
| about four tons: 
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On incline. 











On 
Level. 





Straight, clean 
Curved, clean 
Curved, dirty. 


Nature of Road. 
Railway 


ABMUIBI, 





Paved road........ 











A comparison between this table and 
the previous one would seem to show 
that the tractive force required to start 
a car is from four to five times as great 
as that required to keep a car in motion. 
Therefore, the ordinary tram-car, whilst 
in motion, runs smoothly so far as the 
horses are concerned, but when it is stop- 
ped, and has again to be started, the 
strain is enormous on the horses, and 
wears them out rapidly. In America, 
several persons have invented appliances, 
termed “car starters,” to relieve the 
horses of this strain at starting, by accu- 
mulating the force lost in stopping by 
means of springs compressed by the 
action of stopping, and then releasing the 
springs at the moment of starting, so as 
to use this accumulated force in moving 
forward the car, and thus relieve the 
horses. None of them seem to have at- 
tained any extended application in 
practice. 


APPLIANCES FOR TRACTION 
ON TRAMWAYS. 


The use of mechanical appliances to 
relieve the horses on road carriages is of 
old date, but it would lead me beyond 
the limits of this paper to describe the 
progress of invention in this respect. 


MECHANICAL 





The earlier carriages moved by power 
other than animal power were devised 
for running upon ordinary roads. Of 
these, the most successful were the in- 
ventions of Mr. W. Hancock, some of 
which ran regularly between Paddington 
and the City before the year 1837. The 
enormous proportion of tractive force to 
the weight of the vehicle required for 
moving carriages on ordinary roads, and 
especially on macadamized roads, offered 
great impediments to inventions of this 
class. 

The introduction of iron tram rails on 
to the ordinary road has afforded a new 
starting point. 

Every variety of motive power has 
been sought to be applied to the move- 
ment of tram cars, Steam, superheated 
water, water under high pressure, hot air, 
ammoniacal gas, carbonic acid gas, com- 
pressed air, steel springs, haulage by 
ropes, and electricity as a motive force. 

The latter has not yet hitherto yielded 
any successful result. 

The use of ropes for haulage is only 
applicable in limited cases. At San 
Francisco, Mr. Holliday constructed a 
rope tramway, about three-quarters of a 
mile in length, on an incline of 1 in 10. 
The rope was enclosed in an iron pipe, 
below the surface of the road, with a 
groove to admit a flat bir, which was 
fixed to the car. The end of the flat bar 
was provided with a clamp, which could 
be attached to or detached from the rope 
at the will of the conductor. But the 
opening in the pipe was liable to fill with 
dirt. 

All the other methods of propulsion— 
except steam generated by the combus- 
tion of fuel in the car, or hot air or gases 
expanded by heat generated in the car 
—are limited by their own nature. The 
force which they exert is stored with 
more or less economy, for a defined ob- 
ject; if, from unexpected causes, a 
greater amount of force than usual is re- 
quired, there is no margin left, and fail- 
ure is the result. If the stored up force 
is suitable at one time it is insufficient at 
another. For instance, on a tramway 
with numerous alterations of gradients, 
the stored up force must be sufficient for 
the steepest gradient. Such appliances 
are, therefore, limited in their application 
in respect of time, in respect of weight, 
and in respect of gradients. 





STREET TRAMWAYS. 


395 





But the weight of these appliances, 
whether springs or air compressed in 
cylinders, or other appliances, increases 
very rapidly with the stored up strength, 
and thus adds largely to the whole 
weight to be moved. 

ith steam, on the other hand, such 
temporary alterations in the amount of 
work to be done are easily overcome by 
increasing the pressure of steam, by 
means of an additional consumption of 
fuel. 


MOTIVE POWER STEEL 


BY MEANS OF 
SPRINGS. 

Force obtained by springs does not 
appear to afford great promise at 
present. 

The work necessary to bend a bar of 
steel to rupture may be expressed by the 
formula : 

i B* Ei 
Ge & 
Where 
B = maximum tension per inch to 
which the bar is subjected. 
e = the modulus of elasticity. 
E = the moment of inertia of the 
bar assumed rectangular. 
L = total length of bar, and 
Z= distance from the central 
line of the bar to the line of 
maximum extension. 


The average of the tractive force re-| 


quired on the journey being assumed at 
from 40 to 45 lbs. per ton on a level 
tramway, including the resistance at 
starting, it will be found that with a car 
weighing from 4 to 4} tons with its load, 
a weight of springs, made of the best 
steel now in use, nearly equal to that of 
the car will be required to effect a 
journey of half a mile. 

For the present, therefore, it is not 
probable that this mode of obtaining 
force can be utilized for locomotion. 


MOTIVE POWER BY MEANS OF SUPER- 


HEATED WATER. 

The use of superheated water as a 
motive power has been adopted in 
Chicago, New Orleans, and New York, 
by M. Lamm. A certain quantity of water 
heated to a very high temperature stored 
in a reservoir at the beginning of the 
journey, gives out the steam necessary 
during the usual journey of the omnibus. 


‘The reservoirs can be applied to the 


carriage itself, or to a separate vehicle. 

To avoid priming, the reservoirs are 
only three parts full, the initial tempera- 
ture being about 374° Fahr., which is 


‘equivalent to a pressure of 12 atmos- 


pheres. Supposing that this tempera- 
ture is lowered, by the end of the 
journey, to 270°, it will be seen that the 
quantity of water turned into vapor is 
12 per cent. of the whole. 

Experiments at Seraing, in 1874, 
showed that about 60 per cent. of the 
theoretical power could be utilized; but, 
of course, this is exclusive of loss of 
heat by radiation, which must be pre- 
vented as much as possible by non-con- 
ducting coverings, as well as the loss by 
escape of steam, and especially by 
priming, that is to say, the escape of 
water with the steam. 

It has been estimated that cars, with 
two tons of water, would make a journey 
of about five miles on the level, or about 
two and a half miles on an incline of 1 in 
50. The difficulty appears to lie in 
starting towards the end of the journey, 
in which case some special car-starting 
apparatus becomes necessary. Moreover, 
the discharged steam is very moist, and 
great difficulties exist in so condensing it 
as to prevent its being seen. 


Mr. Todd and Mr. Bede have also 


| proposed other forms of this class of car. 


The former placed his cylinders so as to 


‘be surrounded by the heated water. 


Mr. Bede’s car has been in use at Brus- 
sels. Four horizontal reservoirs are 
placed under the seats, united to verti- 
cal reservoirs, on each side of the central 
part of the car. The steam is taken 
from the upper part of the vertical res- 
ervoirs, and passed through the roof. 
The cylinders are 4} in. diameter, by 14 
in. stroke. The driving-wheels are 2 ft. 
3 in. diameter. The reservoirs contain 
about 300 gallons of water heated to 
365° Fahr., and at a pressure of 10 atmos- 
pheres. This reserve of heat suffices 
for a journey of 50 minutes, at the usual 
speed of tram-cars; the cars carry a load 
of about 14 tons; the cars can easily 
pass curves of 36 feet radius, and will 
ascend an incline of 1 in 30 with an 
effective pressure of 44 atmospheres. 
The adhesion of this car in starting on 
inclines is, however, too small, and en- 
tails trouble. 
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MOTIVE POWER BY MEANS OF COMPRESSED 
AIR. 


Cars moved by compressed air have 
obtained a certain development. 

Mr. Scott-Moncrieff has devised a car 
which has been in use on the Vale of 
Clyde tramways between Paisley Road 
and Govan, which performed a journey 
of 14 miles each way for each charge of 
air; thus obtaining a distance of 3 miles 
without refilling. 

The chief difficulty which inventors 
have had to contend with in working 
with compressed air is the excessive cold 
produced in the exhaust. 

Moreover, in any mechanical arrange- | 
ment, such as a locomotive carrying a 
definite quantity of compressed air, and 
absent from time to time from the origi- 
nal sources of supply at the pumping 
stations, it is absolutely necessary that 
the fullest advantage should be taken of 
the limited power stored in the receivers. | 
The only way in which this can be done | 
is by using the air expansively, and as 
the pressure isalways decreasing towards 
the end of the journey, this expansion 
must vary correspondingly. 

The peculiarity of the Scott- Moncrieff 
system is the valve gear, which allows 
the compressed air to issue from the res- 
ervoir at a uniform pressure, which may | 
be varied at the will of the driver. By | 
the arrangement adopted, the air is al-| 
ways exhausted at the atmospheric pres- 
sure, the effect of which is not merely to | 
obviate the difficulties arising from ex- | 
cessive cold, but also to propel the car in 
silence, and utilize to the utmost the) 
available power. The storage of the air 
and the requisite machinery are, more- | 
over, brought within the dimensions of | 
an ordinary street car. 

In general appearance the Scott-Mon- 
crieff car is in every way like an ordin- 
ary street car, with this exception, that 
there is an entrance direct from each end 
by convenient steps, instead of from the 


small space at the sides of the car, be-| 
tween the splashboard and the ends of. 
the carriage framing, as is the case in| 


other forms of tram cars. The tanks 
containing the compressed air are attach- 
ed toa framing below the floor of the 
car, and are placed in sets of three at 
each end, leaving room for a smaller 
and stronger framing at the center, where 
are placed the engines, valve gear, 


| driving wheels, breaks, &c. These ap- 
_pliances do not interfere with the accom- 
modation of the interior of the car. At 
each end of the car there is a platform, 
the front one being occupied by the 
driver, and the other being free for the 
conductor, and for the entrance and exit 
of passengers. At convenient places 
pressure guages are placed, indicating 
the pressure of air in the tanks and in 
the valve casing, as well as tell-tales to 
show the position of the expansion 
valves. Starting handles and breaks are 
provided at each end, so that the car 
may run in either direction. The new 
car can be stopped and started readily, 
and propelled at variations of speed, and 
when the engines are at work there is 
no noise. 


The expenses of running these cars 
per mile are stated by the inventor to be 
as follows: 

Pence per 
car mile. 
Fuel at 10s. per ton 
Drivers at 30s. each, allowing for relays 

at the rate of three drivers to every 

two cars 1.35 
Enginemen and firemen at 4s. a day each 0.125 
Depreciation of fixed machinery, ten per 


Contingencies, ten per cent 0.272 


2.997 


The advantages claimed by the in- 
ventor for this machine are the absence 
of danger from explosion, and the econo- 
my in fuel for compressing the air, which 
he estimates at 3 lbs. per horse-power. 

Another form of car moved by com- 


pressed air was proposed by Mr. Me- 
_karski, and constructed by M.M. Delle- 
|trez at Paris. In this machine the pres- 
/sure at which compressed air is allowed 
to issue can be regulated at will, and 
hot water is applied to keep up the tem- 
perature of the exhausted air. A special 
cylinder is brought into play to assist in 
starting, and the force acquired in de- 
scending inclines is used to store up air, 
and thus provides additional motive 
ower. 

| The following formula expresses the 
‘total work due to compressed air : 


| PV+PVK log. 
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gers, that is to say, detached engines, 

V = volume of compressed air. _| such as is the custom on railroads. 

P = pressure in lbs. per square | 1. Under the first head there have 
inch at the beginning of the been numerousinventions. Messrs. Grice 
journey. jand Long, of Philadelphia, Mr. G. 

P’ = pressure in ditto at end of | Francis Train, Mr. Nairn, were among 
journey. the earliest, but these inventions more 
e ; nearly resembled the ordinary locomo- 

K = a constant. tives, in that they allowed the escape of 
From the formula it will appear that /smoke and steam, and were not free from 

the disposable force from compressed |D0ise. Mr. Todd, in 1871, produced a 

air is about one-third of that from an machine intended to obviate these incon- 

equal volume of hot water. Moreover,|veniences. Mr. Remington, in 1872, 

compressed air requires more expensive | tried a steam car in New York, on a 

fixed apparatus than that required with tramway with curves, having a radius of 

hot water. | 50 feet, and inclines of 1 in 14, There 
There is another form in which stored-| are many others. 

up heat has been proposed. Mr. Lamm | The Grantham steam car, however, of 

placed a cylindrical receiver on the roof | those cars which carry their own motive 

of the car filled with hot water; in this power, seems to be the most successful 
he placed another cylinder, containing of those which have been tried in this 
liquid ammoniacal gas, obtained from country. — ; ron 
sal ammoniac, heated in connection with | The original car is 27 ft. 3 in. in length, 
hydrate of lime. 11 ft. 1 in, high, and 6 ft. 6 in. wide; is 
The gas became disengaged under the | divided into first and second class: pas- 
influence of the hot water by which it Senger compartments entered from the 
was surrounded, and was passed into | end platforms, with the boiler and ma- 
working cylinders, whence it was carried chinery fixed in the center. It runs on 
after use into the hot water reservoir, four wheels, one pair for driving, the 
where it became absorbed, giving its other pair fixed to a radial axle for 
heat to the water, whence the tempera-| easing the curves. It is propelled back- 
ture of the water was increased instead wards and forwards without turning at 
of diminished during the journey. | either end of the line, and only requires 

Carbonic acid gas is also a gas which to be replenished with water at stated in- 
would appear at first to provide an ad- tervals. It is driven from either end by 
vantageous method of obtaining motive | removable levers, the driver having com- 
power. At the freezing point it is plete control of the machine, as regards 
liquid under a pressure of 40 atmos- turning on, shutting off, or reversing 
pheres, and at 176° Fahr., it has in its steam, as well as applying the break- 
gaseous state a pressure of 80 atmos- | power, which is sufficient to enable the 
pheres. But independently of its high | car to be brought to an almost immediate 
price, the difficulty of regulating the standstill. It is constructed to carry, 
enormous force generated by it has hith- both inside and outside, sixty passen- 
erto prevented its application. gers. ‘ ; 

Hot air engines are too clumsy and) In the centre is the steam boiler and 
noisy for use on tramways. There re-|condensing apparatus; the cylinders, 


mains, therefore, only steam carriages to | Which are placed underneath, are 6 in. 
be considered. diameter, and the length of stroke, 10 in. 


The exhaust is led into a copper vessel 
STEAM TRACTION. | fixed in thejuptake of the boiler; this al- 

The steam carriages and engines with lows the steam to expand, and pass away 
their own fire and boiler may be classed | from the chimney-top superheated. In 
under two heads : ‘an improved car the bogie system has 
1st. Those in which the motive power | been adopted at the end furthest from 
is contained in the car itself which con- the driving-wheels, to give steadiness, by 
veys the passengers. ‘means of a long wheel-base. By this 
2nd. Those in which the motive power | means the rigid. wheel-base is reduced to 
is separate from the car carrying passen-|3 ft.. and, therefore, the car can travel 


When 
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l 
easily round curves. Moreover, an ar-| they. can ascend heavy inclines, and, 
rangement connected with the bogie from their short, rigid wheel base, can 
frame enables the car to be guided, so | pass round the sharpest curves, and they 
that no moveable switches are required | are sufficiently powerful to draw two or 
at the sidings. By this arrangement,| more loaded passenger cars. For very 
also, the car can be guided off the rails | steep inclines they have a small auxiliary 
at will, and on to them again when off. | cylinder, which is fitted in the locomo- 
The levers for working the engines, and | tive; this cylinder works a pitch chain, 
managing the car and breaks, are con-| which is connected round.a drum fixed 
nected with each platform, so that the| on both axles of the car, by which ar- 
conductor stands always at the end) rangement the whole power of the engine 
which is in front. This car, in its work- is developed and extended to the car. 
ing, is free from noise, in consequence of |'They can be propelled at any required 
the arrangement for condensing the|speed, at the will of the driver; the 
steam. | break power can be immediately applied, 

2. The second method in which steam! pulling up the car far quicker than can 
is applied to tram-cars is by means of a be done at present with the ordinary 
separate engine, that is to say, substitu-| horse-cars. The engine is fitted with the 
ting a small engine for the horses used | necessary self-acting appliances for shut- 
in horse-cars. This system is that now! ting off steam and applying breaks, if 
adopted by Messrs. Merryweather. Their the driver should exceed the prescribed 
engine is somewhat less than half the rate of speed. This is effected by means 
length of an ordinary tram-car, which it of a centrifugal governor driven from the 
resembles in appearance; and therefore, | locomotive wheels, and acting upon a 
in contrasting the steam-power with| valve in the steam pipe leading from the 
horse-power, it occupies less space than boiler to the engine. The starting and 
the horses of a tram-car would occupy. | other levers, as well as the fire-hole door, 
At each terminus it is disconnected and are ready to the hand of the driver, who 
brought to the front of the car. This) has an unobstructed view of the roadway 
operation does not occupy more (if so on all sides, and, from the simplicity of 
much) time than is required with horses. the engines, a skilled mechanic is not re- 
The boiler is multitubular, so that quired to drive them. 
dangerous explosions cannot occur., Asa recent contribution to this class 
Each engine weighs about three tons, | of steam-engines, may be mentioned the 
with sufficient water and fuel to run for plan of Mr. Matthewson, in America, 
four hours. The consumption of fuel is) who, with the idea of not frightening 
about 20 lbs. weight per hour. The) horses, proposed a steam-engine in the 
pressure of steam is about 100 lbs. The shape of a horse to draw the car. 
engines are noiseless, and emit neither, The machine consists of a platform 
smoke nor steam. The exhaust steam is | with a canopy over it, supported on two 
disposed of by a condensing apparatus.| wheels, which carries a wrought iron 
In this apparatus the steam is passed | tank containing gas at pressure of from 
through a series of nozzles, arranged so/| 60 lbs. to 100 lbs. per square inch, to be 
as to include a large mixture of hot air used as fuel for producing steam. In 
with the steam, by which means part is front of the platform is a tubular boiler 
thus condensed; and of the remainder, and fire-box, and two cylinders enclosed 
a further portion is condensed by passing in a metal case, which has all the exter- 
it through wire gauze or bundles of wire, nal appearance of a horse; under the 
and through a surface condenser, and horse are two driving wheels of small di- 
the residue is turned either into the ameter. The condensation of the steam 
smoke-box or through the fire. This! is effected by means of water, contained 
plan avoids the necessity of carrying a in a receptacle on the roof of the passen- 
large quantity of water; thus the whole ger car. 
weight of the engine is kept toa mini-| The reason why horses are frightened 
mum, thereby reducing very considera-| at carriages which are moving towards 
bly the working expenses, and the wear them without apparent means of propul- 
and tear on the permanent way. The sion, would seem to be that they fancy 
engines have all four wheels coupled;|the carriages are being backed upon 
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them; but the horses would soon lose | RELATIVE ADVANTAGES OF THE COMBINED 
their fears from this cause, if the noise | CAR AND ENGINE AND THE DETACHED 
of the engine and the escape of steam are | ENGINE. 
avoided. | There is probably no very practical 
COST OF STEAM TRACTION, difference in the actual cost of running 
The cost of the steam tramways in | the steam tram-car with its engine con- 
Brussels, having a gradient of.1 in 33 tained within itself, and the cost of the 
and an incline of 1 in 100 for 1} miles, |tram-car drawn by a detached engine. 
are stated by Mr. A. Spee to be as | The question as to which is preferable 


follows : 
Outlay : 
s. d. 
1. Engine 0 0 
2, Engine- house, at 36 
square yards per en- 
gine, costing £2 8s. 
. per square yard.. 72 
3. Water supply and 


To which add 25 per cent. 
for reserve engines in 
the proportion of one 
in reserve to four in 
0 0 


0 0 

Cost per day. 

£ s. d. 

5 per cent. per annum upon £930.. 0 8 
Daily expenses of running : 

440 lbs. of coke at £1 4s. 2d...... 
Oil, grease and various 

Attendant 


General repairs and Sinking Fund: 


At 10 per cent. on outlay for en- 
gines, including reserveengines 0 4 4 


0 
1 
2 


This compares with £1 15s. 34d. before 

mentioned as the cost of horse traction. 

The following is stated to be the cost 
of working the Grantham steam-cars : 


£s4. 
2208 0 0 
D 


week 
“oe 


1 engine-driver, at 35s. per 
1 stoker, *¢ 25s. 
1 conductor, 


ec 20s. “ 


Fuel—7 lbs. of coke per mile for 
26,260 miles=82 tons, at15s... 61 

Oil, tallow, waste, and sundries 
taken at 4d. per mile—26,260 . 


10 0 


7 

Water supply, at 1s. per day 5 
Repairs of car and machinery— 

26,260 miles at 1d. per mile...109 8 


42410 5 

Or per car per day.... 1 3 3 
Exclusive of interest of money and 
cost of lighting, cleaning, &c. 

This would compare with the £2 per 

car per day before mentioned as the cost 

of working of the London Tramway 


Company. 


/must therefore depend on other consider- 
| ations. 

| The tram-car with its steam engine 
|forming a part of itself, is very con- 
venient and compact, especially in towns, 
|and it will probably be preferred where 
/a succession of single cars are required 
to run consecutively at short intervals, 
,and solely for the accommodation of 
passenger traffic. On the other hand, 
| when companies already possess a stock 
of cars, the detached engine will enable 
‘them to utilize the cars they already 
possess. Also, where other conditions 
prevail, where an extra number of pas- 
sengers require to be occasionally con- 
veyed—or where the tramway can be 
utilized to convey goods and merchandize 
as well as passengers, it is probable that 
the detached engine would be more ad- 
vantageous than the combined steam 
tram-car, and I understand that the 
Wantage Tramway Company have now 
one of Messrs. Merryweather’s engines 
at work on their line. 


ADVANTAGES OF STEAM TRACTION OVER 
HORSES OR OTHER MECHANICAL AP- 
PLIANCES. 

This brief reswmé of the various meth- 
ods which have been proposed for the 
propulsion of tram-cars by mechanical 
appliances, shows very clearly that steam 
generated by a fire in the car is the only 
method which has as yet been successful; 
and that the other methods are, for the 
present at least, only toys, but, no doubt, 
very interesting toys. 

The steam tram-car has attained a 
practical status or position, The saving 
of cost by steam traction over horse 
traction is also abundantly manifest, 
The cost of working by steam traction 
ought in no case to exceed* two-thirds 
that of horse traction, and it will in most 
cases be not more than one-half. 

The Grantham steam car and Messrs. 
Merryweather’s steam cars and detached 
|steam engines appear to comply with 


} 


| 
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the Board of Trade requirements, viz., 
that the steam shall be disposed of after 
use, imperceptibly and without noise, 
and that the speed shall be regulated by 
self acting machinery. By the other 
regulations of the Board of Trade as to 
a warning bell, and as to stopping and 
speed, the general public appear to be 
adequately protected. 

The essence of the tramway is that it 
should facilitate the movement of small 
quantities of traffic along existing 
thoroughfares, as contra-distinguished 
from the railway, which conveys a large 
bulk at a time along a road reserved to 
itself. Wherever thé traffic requires 
long trains of passengers or goods, the 
tramway should give place to the rail- 
way. The tramway engine must, there- 
fore, be essentially a light engine, but it 
must suffice occasionally for steeper in- 
clines than are in general use on rail- 
ways. 

The limit of weight should be from 
24 to 3 tons on each wheel, unless very 
much stronger roads than are now laid 
down, be adopted. 

The cost of tramways in towns is con- 
siderable, owing to the expense of the 
pavement, which must be laid and main- 
tained in good order between, and for 18 
inches on each side of, the rails. In 
country districts the cost ought not to be 
heavy. The following, however, is 


stated to be the cost of the Wantage | 


Tramway, 24 miles long, and laid for the 
greater parts of its length alongside of a 
very level high road. It has one bridge 
over a stream, built under the require- 
ments of the Board of Trade, which, it 
is said, added to the cost. The cost of 
this line at last September was about as 
follows : 


Purchase of freehold land .... £1,800 


Construction of line.......... 4,600 
Rolling stock..........-...++- 1,000 

Legal, Parliamentary and mis- 
cellaneous expenses......... 2,600 
£10,000 


The Grantham steam car is in use on 
the Wantage tramways; but in this car 
the cylinders are 4 in. in lieu of 6 in. as 
now made. The car in use on this line 
can carry 60 passengers—it weighs 8 
tons with coke and water, and has carried 
in addition 5 tons of passengers. When 
empty it weighs 6 tons 10 cwt. The 


cost of the car was £800. The Wantage 
tramway is 24 miles long—it has 
gradients of 1 in 50 for 350 yards—the 
sharpest curve is 75 feet radius. The 
cost of working the Grantham steam car 
on the Wantage line per day of 12 hours, 
as nearly as can be ascertained, is given 
as follows : 


Distance traveled per day, 40 miles. 
Weight of gas coke, 240 lbs. 








Weight of steam coal, 56 Ibs. s. d. 

296 lbs. cost 2 94 

Fuel for lighting. ............. 0 14 
Oil and light for car........... 0 3 
DUIVOT SO WOROB... . « cavcccceccss 5 0 
Stoker’s wages........ isebeie 8 0 
Conductor’s wages ............ 2 4 
Estimate wear and tear........ J 0 
17 6 


Cost of working per mile, 543d. for 
steam car. This in contrast with the £1 
7s. 6d. per day, and 84d. per car mile 
mentioned before, as the expense of horse 
traffic on the Wantage tramway. 

The engineer says that he would pre- 
fer a 40 lbs. rail in lieu of the present 30 
Ibs. rail. It will, however, be observed, 
that the legal and Parliamentary ex- 
penses are excessive, notwithstanding 
the facilities afforded by the General Act 
and the provisional orders of the Board 
of Trade. 

CONCLUSION. 

The general conclusion to which the 
consideration of this subject brings us, is 
that the problem of the application of 
| steam to tramways has been so far solved 
iby the Grantham and Merryweather 
p= Mitte cars and engines, that steam trac- 
| tion may now be advantageously brought 
|into operation on all tramways. The 
cost of steam traction would certainly 
not exceed two-thirds (probably not one- 
half) of that of horse-traction; and it 
would be more humane and convenient. 
Its adoption will therefore afford a large 
margin of profit to the existing traniway 
companies, who now: work their lines 
with horse power. As a result of the 
application of steam traction to tram- 
ways, we may safely look to the exten- 
sion of steam-worked tramways for sup- 
plying cheap and convenient locomotion 
to the small towns and large villages 
which do not now enjoy railway commu- 
nication, whose traffic would scarcely re- 
pay the construction of the more com- 
plete and expensive railways. _ The 
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question of constructing light railways 
has often been mooted, but without suc- 
cess in thiscountry. We have laid down 
a certain standard of excellence for our 
railways, and however much engineers 
and directors have desired to extend the 
railway system, by means of light and 
cheap railways, the requirements of the 
Board of Trade have been such as to 
prohibit the construction of economical 
lines. 
Trade is, that if a railway is once open, 
although it may have been designed for 
light traffic, there is nothing to prevent 
heavy traffic passing over it. This argu- 
ment is not one which it is necessary to 


discuss here, except to observe that its. 


result is that we should look all the more 
to the development of tram-roads in all 
localities where there is not a sufficient 


amount of traffic to support a railway of | 


the standard pattern. 


In a new country, where no roads ex- | 


ist, and where the railway is the pioneer 
road, ogee of cheap and light con- 
struction will continue to be adopted; 


but, in a fully settled country, possessing 
railways of the European standard, and 
already provided with roads, the tram- 


way will be a fitting auxiliary to the 
railway, and a supplement to the ordinary 
road as a means of reducing the cost of 
conveyance. 

The tramway can follow the line of the 


weight per wheel moved on a tramway 
will probably be that on the wheels of a 
railway wagon, for, in country districts 
it will occasionally be of great advant- 
age to have the power of conveying a 
truck-load of goods to its destination 
without transhipment. The tramway 





The argument of the Board of | 


traftic moves at low velocities; the limit 
of weight on railways, on the other hand, 
depends on the weight of the heaviest 
engines, and these move at high veloci- 
ties. A tramway requires no expensive 
stations or platforms, as the passengers 
‘or merchandise can be taken up or set 
down at any point of the journey; no ex- 
pensive signals are wanted; the only 
special requirement in the construction to 
which it is desirable to atténd is, that 
the guage should be that of the railway 
system, viz., 4 ft. 84 in., so that, when 
necessary, the railway truck may pass on 
| to the tramway. 

| I trust I have been able to show you 
that the adoption of steam traction on 
tramways will prove eminently advan- 
tageous to street traffic in towns; that it 
‘will extend to the artisan population 
'similar advantages to those which the 
railway has long extended to professional 
and business men, viz., that of being 
able to sleep in pure country air at a 
distance from their work; and that it 
| will afford a long desired supplement to 
‘the railway system, by means of which 





high road, with occasional deviations to|/those unfortunate towns and villages 
avoid steep hills or very sharp turns. | which have not held out sufficient prom- 
From its nature, the tramway requires a | ise of traffic to induce a railway company 
less expensive permanent way than the|to approach them, may receive the ad- 
railway, for the expense of a permanent | vantages of cheap transport, whilst at 
way depends on the weights passing over|the same time the adoption of steam 
it and the speed at which these weights traction affords a certainty of large 
are moved. The limit of the greatest | profits to the tramway companies. 





OSCILLATING WATER-COLUMN PUMP. 


Translated from “ Annales des Ponts et Chausées.” 


Let us conceive a vertical pipe full of 
water plunged into a drainage basin and | 
furnished at each end with a valve open- 
ing upward. Suppose, further, that a 
certain quantity of steam be at first in- 

troduced into this tube, protected by a 
flexible rubber envelope to prevent con- 
densation, then put in contact with cold 
water. Under these conditions, the ver- 


Vout. XVIL.—No. 5—26 


tical pipe with its accessories becomes a 
pump; a certain quantity of water being 
expelled by the upper valve at the mo- 
ment when the steam is admitted, and an 
equal quantity being drawn by the low- 
er valve when the steam is condensed. 
The working of this pump has, for 
each discharge of water, two motions, 
in each of which a water column on the 
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pendulum plan, first receives a certain 
amount of force which it afterwards re- 
turns. This last action may be utilized 
to produce expansion and assure by its 
action a continuance of its working. 
Such a pump is represented in the cut 
on the scale of so. Several attachments 
are added to the main pipe and three 
small valves, employed for the distribu- 
tion of steam, to the movable parts above 
named; that is to say, to the two valves 
and rubber envelope. The remainder of 








the machine is composed of fixed parts, 
consequently not very liable to get out 
of repair. 

The pump consists of a main-pipe BM 
plunged into a basin from which the 
water is to be raised and emptied into a 


tank or any reservoir. At the lower 
part of this pipe is a retaining valve 8; 
at the upper part a valve S’ prevents the 





return of water. It may have, between 
the valve S’ and the tank, a delivery 
pipe of a certain length with or without 
a reserve of air. On one side of the pipe 
BM is another pipe of the same diam- 
eter leading to a space limited by two 
castings, between the collars of which is 
fixed the frame of a diaphragm DD 
made of canvas faced with rubber. To 
the central part of this diaphragm, in- 
tended to be applied to the sides of the 
upper and lower castings alternately, is 
a fixed plate formed of two metal discs. 
When the machine is not in motion or, 
at least, when the diaphragm does not 
raise the central plate, the latter, acting 
by its weight on the end of the rod of a 
small valve s, which a spiral spring keeps 
in place, forces this little valve to remain 
open. This valve regulates the admis- 
sion of steam. This may be called the 
slide valve of the machine; it opens and 
closes suddenly. The steam, once ad- 
mitted, penetrates the space between the 
castings through a number of holes made 
on a circumference having the same cen- 
ter as the lower casting and placed out- 
side the circle covered by the central 
plate. The forms of the castings, the 
metalline plate, and the diaphragm are 
such that the flexible part of this last 
can, under the action of steam, be raised 
and take the position indicated by the 
dotted line as long as, by its proper 
weight, the central plate remains in 
place. The small valve s’, intended, at 
certain times, to stop the passage in the 
tube ¢¢, bears upon the top of its rod a 
small diaphragm dd to which is attached 
a check. When needed, a spring / made 
of a steel plate fixed to the check by two 
rivets, acts upon the extremity of the 
valve s’, concurring with the atmospher- 
ic pressure to resist the interior pressure. 

A third small valve s” is placed at the 
end of the tube ¢#. It is intended to 
prevent the water from entering into 
this pipe from which the steam is al- 
lowed to escape. Atv isa small valve 
fixed to a lever, and kept closed by a 
counterpoise, serving, when there be 
need, to allow the water which may have 
accumulated in the space E to escape. 
Finally, a plug R completes the appa- 
ratus. It ought to serve to prime the 
pump before starting. 

Suppose we open the steam supply- 
cock to prime the pump, the two valves 








a we i 
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s and s’ are open, the latter will sud- 
denly close and raise the flexible part of 
the diaphragm DD, expelling the water 
by the valve S’. When this part of the 


diaphra attains to the’ position ex- 
pressed in the cut by dotted lines, it will 
raise the central plate. The small valve 
s, freed from the weight of the latter 
and induced by the spiral spring, which 
acts upon the knob fixed to its extremi- 
ty, will close and thus arrest the admis- 
sion of new steam. The steam included 
between the castings will continue, how- 
ever, by its expansion, to expel the 
water, the motion of the liquid column 
doing the office of fly-wheel, until the 
pressure becomes inferior to the atmos- 
pheric pressure. 

At this moment, the valve s’ will open, 
admitting the steam. The latter will 
raise the valve s” and enter the upper 
part of the pipe BM, when it will be- 
come condensed. The steam which es- 
capes from the space between the cast- 
ings is immediately replaced, at first by 
water which occupied the upper part of 
the pipe BM, then by a certain quantity 
of water raised by suction. The central 
plate rests again upon the end of the rod 
of the valves, the flexible part of the 
diaphragm is applied to the side of the 
lower casting; in short, when the 
height of the water column which is 
raised by suction into the pipe BM has, 
by its action on the central plate, become 
sufficient to overcome the pressure of 
steam upon the surface of the valve s’, 
the latter suddenly opens, and the series 
of motions already described, recom- 
mence and are reproduced indefinitely. 





INDICATIONS FURNISHED BY EXPERI- 


MENTS, 


In the completed model which was 
employed for the irrigation of a nursery 
near Phillippeville, the pipe BM had an 
inside diameter of 0™10. The capacity 
of the space between the, castings is 
about ten litres. The delivery varies 
according to the pressure of the boiler, 
the depth of supply, and the height of 
delivery. It delivered 400 litres per 
minute to a height of six meters. The 
suction has been pushed to eight meters. 
The delivery has been tried only at a 
height of five meters, but it is expected 
that it will be able to reach twenty or 
even thirty meters. The boiler pressure 
varies from 0*™,50 to 29™,50. The 
diaphragm is made of a rubber plate three 
millimeters thick with insertions of linen. 
The machine is too new for us to be able 
to form a sufficient idea of its durability. 
We think, however, that it will last sev- 
eral months. With it a vessel, charged 
with water and fine sand, can be pumped 
without the least trouble. 


In view of combustibles consumed, com- 
pared with other steam pumps in the 
vicinity, a slight advantage in favor of 
an oscillating water column pump seems 
to be indicated. It has at least one ad- 
vantage, its simplicity, which will give 
it preference in many cases; for example, 
in isolated machine shops in distant 
places; in works having boilers for other 
purposes than for motive power, and 
where one simple steam supply pipe suf- 
fices to put the pump in motion, ete. 





THE FRACTURE OF RAILWAY TIRES. 


By WILLIAM WORBY BEAUMONT, Assoc, Inst. C.E. 
Proceedings of the Institution of Civil Engineers. 


Tue durability of the tires on the 
wheels of railway rolling stock is one of 
the most important questions for con- 
sideration, as owing to their failure many 
fatal accidents have occurred, only ex- 
ceeded in number by those arising from 
collisions. Thus, in Great Britain, in 
1874, the fracture of tires amounted to 
55, occasioning the death of 37 passen- 





gers and an enormous pecuniary loss to 
the railway companies. In the twenty- 
seven years, 1847 to 1874, inclusive, 80 
tire accidents were reported upon by the 
Board of Trade officials, which resulted 
in the loss of 74 lives, and in 236 cases, 
of more or less serious personal injury. 
Previous to*1872, the companies made 
no return of accidents from the fracture 
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of tires; in that year the number of 
such accidents was 58, in 1873 it was 30, 
and in 1874, as before stated, 55. Dur- 
ing these three years, however, only 
those failures which were attended by 
serious results were reported; but in 
1875, every one was systematically re- 
corded. The General Report of Captain 
Tyler for that year comprises no less 
than 684 tire failures; and though these 
resulted in no loss of life, they caused 
the derailment of several trains. The 
absence of fatal result is probably due 
to the great care now exercised in the 
examination of tires, most of the fail- 
ures having been discovered at stations. 

Various explanations of the cause of 
these fractures have been brought for- 
ward, with various degrees of apparent 
support from experience. Sometimes 
the cause has been clearly traceable to a 
defective weld, or to obviously inferior 
material, at other times to a reduction 
of the sectional area of the tire by rivet 
or screw holes. But when not assigna- 
ble to these causes, the origin of the 
fracture has generally been obscure, and 
its explanation a matter of speculation. 

So far as the author is aware, the 
forces productive of the fracture of the 
tires of wheels running over smooth and 
rigid surfaces, have never been satisfac- 
torily investigated. His present object 
is to point out what seems to be an 
efficient cause in the production of those 
strains which must exist in the material 
of tires prior to their fracture. 

The actual cause of fracture, where 
that has been unexplained at the time 
of the accident, does not appear to have 
received much subsequent consideration, 
and the theories advanced to account for 
it seem to be untenable upon examina- 
tion. But it is necessary here to con- 


sider some of them, beginning with that| 


which attributes fracture to the strain 
put upon a tire, by shrinking it on a 
wheel having a slightly greater diameter 
than that of the inside of the tire before 
it is shrunk on. It has usually been as- 
sumed that this strain would produce an 
extension of the tire, equal to the differ- 
ence in length of the circumference of 
the wheel body and that of the inside of 
the tire, before the latter is expanded b 

heating, for the purpose of being shrun 

on to the rim of the wheel. In this as- 
sumption, however, the wheel upon 





which the tire is shrunk, is considered to 
be perfect! ~ and unyielding; 
whereas, althou it may be—with 
reference to ordinary considerations— 
assumed to be rigid, it is not absolutely 
so, and is in fact, not so rigid as the tire. 
Therefore, supposing the resistance to 
compression and to tension to be equal 
in the rim of the wheel and in the tire 
respectively, the tensile strain thrown 
upon the latter cannot be more than one- 
half that calculated on the above assump- 
tion, for the work of eliminating the 
difference between the lengths of the 
tire and the rim is done, not upon the 
tire only, but through double its length, 
or through that of the tire and the rim 
together. 

f a tire was shrunk on an absolutely 
rigid body whose circumference was 
somewhat greater than that of the in- 
side of the tire, the strain upon the lat- 
ter would undoubtedly be that necessary 
to produce an extension of its length 
equal to the above difference; but if the 
body be compressible, however little, the 
necessary extension will be reduced, and 
the strain also. Take, for example, a 
wheel body with a diameter of 3 feet, 
and a tire to be shrunk on it with a di- 
ameter of 2.995 feet, the difference in 
the circumferences being 0.1875 inch, 
and let the tire have a sectional area A= 
10 square inches, and the rim of the 
wheel an area a=6 squareinches. Then 
the increment A in the length of the tire 
and the decrement A’ in that of the 
wheel rim necessary to eliminate the 
above difference, (0.1885 = A + A’) in 
their respective lengths, will be inversely 
as their areas, or 


Baik’ 2*h 
and 
A+’ XA_ 
A+a 


A’=0.1178 inch. 


and 
A+A’xXa - 
A+a 


Taking a co-efficient of elasticity, C, 
= 27,000,000, the strain 7 and 7’ neces- 
sary to produce the above increment and 
decrement respectively will be 


=0.0707 inch. 


fo*S= 16,906 lbs. = 7.547 tons, which 
x A=75.47 tons; 
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and f=" =28,007 Ibs. = 12.534 tons, 


which xX a= 75.26 tons; 
land /’ being the original lengths of the 
tire and rim, the difference in which 
causes the above slight difference in f 
and /’; but as this is eliminated, the 
strain on the tire and wheel rim will be 


practically = 15.47 + 75.28 = 75.36 tons. 
Thus, if the breaking strain of the ma- 
terial of the tire be 25 tons per square 
inch, the above strain is less than one- 
third that necessary to produce fracture, 
leaving on the whole tire a marginal 
strength of 174.64 tons, even in the case 
of wheel rims of such large sectional 
area as that assumed. The radial com- 
ponent of the above circumferential 
strain on the tire will be that expressed 
by the relation between transmitted 
forces (by a curved surface) of tangen- 
tial tension and radial compression. La- 
grange’s theorem is here applicable, and 
may be thus stated: 


Let R=radial compression due to T; 
T=tangential tension; 
rand r’=two radii of principal curvature; 


nan (=!) 


In the present application of the the- 
orem, as the tire is circular r=r’, and 
the above equation becomes 
R —?T_2 X 75.36 
r 18 

radial pressure per circumferential inch. 
With heavy engine wheels these strains 
would probably be slightly increased, as 
the rim would be less free to alter its di- 
mensions at the junction with the spokes. 
But between these, alteration may take 
place both by change of dimension and 
form. The resistance, however, to de- 
crement in the length of the rim, and to 
the necessary radial compression result- 
ing therefrom, is exceeding small in all 
except engine wheels. This remark ap- 
plies especially to those carriage and 
wagon wheels in which the spokes and 
rim are of flat bar iron bent into seg- 
mental forms, the section of the rim not 
being one-half that assumed. It is not, 
therefore, necessary to enter into further 
calculations on this point, as the resist- 
ance offered by such wheels to the con- 


then 


=8.37 tons 





traction of the tire must be insignificant 
in comparison with the tensile strength 
of the latter. 

No account has, however, been taken 
of the plasticity of the material of the 
tire, which, especially at high tempera- 
tures, allows of its elongation by the 
force of its own contraction, the residual 
strain being only equal to the difference 
between the total force of contraction 
and that already expended at the higher 
temperatures in the elongation of the 
tire; so that even were there a much 
ane original difference between the 

iameters of the tire and rim than has 
been assumed, the resulting strain would 
probably be little more, as plasticity in- 
creases, and the mechanical equivalent 
of expansion by heat decreases, rapidly, 
with the rise to such high temperatures 
as would be necessary to enlarge the 
diameter sufficiently to get the tire on 
the wheel. 

It would seem, therefore, that the 
shrinking on of these tires cannot alone 
result in the production of a strain suf- 
ficient to cause their fracture, unless “7 
are of bad material or workmanship. If, 
however, a strain approaching the tensile 
resistence to fracture of the material of 
the tire could be thrown upon it, by the 
elongation demanded by the difference 
between the diameters of the wheel and 
of the tire, the latter should bréak upon 
first being put to work, instead of after 
long wear, as is usually the case. For if 
that strain were alone the cause of frac- 
ture, its intensity would be constantly 
reduced by the tendency working would 
have, to make the tire accommodate 
itself by further elongation. Fracture 
frequently takes place at several points 
simultaneously, butitseems difficult to con- 
ceive that a simple tensile strain should in- 
duce such a phenomenon, as a tire would 
be relieved of all tension by one fracture, 
every additional fracture demanding an 
equal strain for its production. Assum- 
ing, however, that the material of the 
tire is perfectly homogeneous, and of 
uniform tensile strength, and that the 
circumferential strain is equally distrib- 
uted throughout the entire length of the 
tire, then it is possible to conceive that 
a strain equal to the tensile strength of 
the tire could fracture it in several places 
simultaneously. But unless the above 
conditions rigidly obtain, absolute si- 
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multaneity of multiple fracture would be 
‘impossible, and it need hardly be said 
that practically such conditions never ex- 
ist. Except multiple fracture take place 
with absolute simultaneity,it could not oc- 
cur as a result of tensile strain, for the first 
fracture would render subsequent frac- 
turing impossible, because it would have 
dissipated the strain that produced it; 
so that any further beecdeage would 
necessitate the reproduction of a tensile 
strain slightly in excess of that which 
produced the first fracture, and for 
which there is no origin. 

By far the larger number of broken 
tires have been fractured in several 
places, and of the 80 cases reported 
upon by the officers of the Board of 

rade up to the end of 1874: 


9 were fractured at 3 places, 
“ce it) 4 “ 


“ “ 5 “ 
“ “ 6 “ 


“ “ i “ an d 


. “ in “several places;” 


while out of 14 cases reported by the 
Great Western Railway Company be- 
tween 1868 and 1873: 


3 were fractured at 3 places, 
“ iT 4 “ 


“ “ 5 “ 
“ “ " “ 


“ “ 


12 or 14 places, 


” . several places, 


Many of those reported in 1875 also 
broke in several places. This large num- 
ber of multiple fractures affords strong 
evidence of the existence of enormous 
internal molecular strains in the materiai 
of the tire, for it seems impossible to 
conclude, that a tensile strain, or infe- 
riority of material or workmanship, even 
when aided by impact strain, should be 
disclosed by such results. 

Fracture has as frequently been as- 
signed to the reduction of the sectional 
area of the tire, by the holes made to re- 
ceive the rivets, bolts, or screws, by 
which the tire is fastened to the rim of 
the wheel. Any such reduction of sec- 
tional area undoubtedly lessens the ten- 
sile strength of atire. But unless these 
holes diminish that strength, by a pro- 
portion far greater than that borne by 





the reduced to the full section, it seems 
impossible to attribute fracture to this 
cause alone. In many of the forms of 
fastening by screws, this reduction in 
section is very small, for the screw-hole 
only enters the tire a short distance, and 
that, in some instances, just under the 
flange, where the tire is strongest. Even 
allowing, however, that such holes suffi- 
ciently lessened the strength of the tire 
to cause fracture at these points, it 
would not explain fracture at several 
points, nor fracture between two such 
lanes of weakness. Many tires have 
roken in places where no such planes of 
weakness existed, the tire being fixed by 
clips, or by annular clip rings. Again, 
referring to the reports already quoted, 
it will be found that out of the 80 acci- 
dents in 1874, twenty-three tires were 
fractured through the solid material, 
and not through either a weld, or a 
bolt or screw-hole, although all these 
existed. Seventeen tires were weldless, 
and seven were fixed by clips or clip 
rings, without bolt or screw. Of these, 
one was fractured in five and one in six 
places; while the fourteen fractured tires 
reported by the Great Western Company 
between May, 1868, and May, 1873, were 
all affixed by Gibson’s fastening. Of the 
tires that failed in 1875, four hundred 
and seventy-seven were fastened by bolts 
or rivets, but of this number only 19} 
er cent. broke at the bolt or rivet-holes. 
hese facts prove that the force which 
initiated fracture was not one of simple 
tension aided by impact, and that frac- 
ture was not due to reduction of section- 
al area of the tires by the bolt-holes. 
Further explanation of the nature of the 
forces productive of the fracture of a 
tire of good material must therefore be 
sought. 

The alleged reduction of the strength 
of iron by, as well as the contraction due 
to, low temperature, has usually been 
called in to explain the fracture of tires 
during a frost. The effect of extreme 
cold upon the tensile strength of iron 
has not yet been definitely ascertained, 
though the experiments of Fairbairn 
tend to the conclusion that the tensile 
strength of iron, not already ‘cold short,’ 
in ordinary frosts in this country, is not 
materially reduced, a conclusion support- 
ed by experience in Russia and Canada, 
where the cold is far greater and more 
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protracted than in England. The mod- 
erate speed of trains observed abroad, 
compared with that adopted in England, 
undoubtedly tends to reduce the number 
of breakages, and the severity of the ac- 
cidents attending them; but against this 
may be set, the superiority of English 
permanent way, and its better mainte- 
nance. If the difference in the strength 
of iron in summer and in winter were 
considerable, and sufficient in itself to 
cause fracture of a railway tire, it would 
be unsafe to travel in any common car- 
riage over many of the ill-laid granite 
pavements during severe frost, except at 
low speed. None of the axles would 
withstand the severity of the shocks de- 
livered through the wheels, at a velocity 
due to the recoil of a loaded spring, as 
they pass rapidly from summit to hollow 
of every inequality of the roadway. 
Again, so general a cause as frost should 
be evidenced by corresponding effect, 
and if productive of fracture of railway 
tires, it should be manifest by more fre- 
quent fracture, and not by isolated in- 
stances. Although there seems to be 
little proof, that the strength of iron to 
resist static strains is reduced by a low 
temperature, there is evidence that its 
power of resistance to impact is some- 
what diminished by such a condition, 
although probably only by a fraction of 
the extent often assigned to it. If this 
reduction in strength were sufficient to 
cause the fracture of one tire in a train, 


all the rest of the tires of the same train, | 


running under the same conditions of 
temperature, should be fractured, unless 
that one tire was of originally bad ma- 
terial, or was weakened by a defective 
weld or by a bolt-hole. But such has 


not always been the case, many tires | 


having broken through solid and good 
material, and not at a weld or bolt-hole, 
although both have existed in the tire. 
Again, if low temperature alone could 
initiate fracture, the lowest tempera- 
tures should be most fruitful of such re- 
sults; so that the intense cold of some 
countries would be accompanied by such 
numerous tire and axle breakages, as to 
make railway traveling almost impossi- 
ble, except at very low speeds. 
Although there is no evidence to show 
that the occurrence of a moderate frost 
can by itself reduce the resistance of iron 
to impact strains, so as to make a tire 


unable to withstand the shocks brought 
to bear upon it, there is sufficient 
proof that frost, in conjunction with 
other causes, exerts some influence in 
bringing about a fracture which without 
it would have been delayed. 

Of the 94 accidents before referred to, 
17 per cent. happened in the spring, 14 
per cent. in the summer, 9 per cent. in 
the autumn, and 59 per cent. in the 
winter; thus the number of fractures 
during the three hottest months has been 
only 23 per cent. of the number in the 
three coldest months. But these figures 





'do not correctly represent the compari- 
| tive strength of iron under different tem- 
| peratures; forthe hardness of the ground 
during frost, by diminishing the resilience 
of the way, and thus converting it into 
/an anvil, may well account for the excess 
of fractures in the winter, resulting from 
the severity of the impact strains which 
the tires have at such times to bear. As 
a result, however, of the much wider 
range of observation and systematic 
record in 1875, the relation given by the 
above figures is reversed; for in that 
| year fifty tires failed in January, thirty- 
one in February, thirty-eight in March, 
seventy in April, ae in May, sixty- 
seven in June, sixty in July, fifty-nine in 





| August, fifty-seven in September, fifty- 
‘seven in October, sixty-four in Novem- 
‘ber, and sixty-one in December; the 
greatest number being in April and May, 
'and the smallest in January and Febru- 


ary. 
Of 61 steel tires which broke on the 
Moscow-Nishni railway during the win- 
ter of 1871-2, the cause of fracture could 
only be ascertained in 18 cases, the frac- 
tured surfaces being rusted; but 8 of 
these were attributed to inferior metal, 
7 to excessive strain in putting on the 
tires, and three to indifferent quality of 
metal combined with too great wear. 
Fourteen tires broke through bolt-holes, 
and three through screw-holes, while no 
breakages occurred with the tires on 
Mansell’s wood wheels. Thus the actual 
cause of fracture can only be considered 
as ascertained with certainty in about 17 
of these cases, the remainder, including 
most of those in the 18 enumerated, 
being of unexplained origin. As no 
breakages occurred with Mansell’s wood 
wheels, and steel tires were more affect- 
ed by frost than those of iron, it seems 
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obvious that the excess of fractures 
during winter is mainly due to severe 
impact caused by the hardness of the 


"eg, 
he number of axles broken on the 
German railways during 1873 was 77 in 
the six warmer months against 68 in the 
six colder months; and though the win- 
ter was a mild one, the fact affords a 
striking proof of the uncertainty of the 
alleged decrease of the strength of iron 
during frost. Were very low tempera- 
ture by itself so active a cause of the 
fracture of railway tires, it might have 
been expected that every frost would 
have been marked by fractures; but 
long periods have elapsed with compara- 
tive immunity from such accidents, fol- 
lowed by a shorter period marked by 
their excessive frequency. Thus it was 
found that the accidents from broken 
tires reported upon on the Midland rail- 
way between 1847 and 1871, a period of 
twenty-three years, only numbered 5, 
while between January 1871 and Decem- 
ber 1874, or in four years, no less than 
10 such accidents occurred on the same 
railway, that is, double the number in 
about one-sixth of the time. This proves 
that the cause must be of slow growth, 
and that the breaking strain must be so 
nearly approached, that an unusually 
severe shock or a slight reduction in 
strength, such as might be caused by 
frost, is all that is necessary to complete 
the conditions of fracture. 

The contraction of a tire during frost 
has been sometimes supposed to cause 
its fracture, by throwing an increased 
tensile strain upon it; but this supposi- 
tion seems without foundation, for the 
wheel body is subject to the same con- 
ditions of temperature, and the co-effi- 
cient of contraction of the materials of 
the tire and wheel cannot be materially 
different. Let it be assumed, however, 
for the sake of argument, that a wheel 
body, of perfectly rigid material, not 
subject to alteration in volume by altera- 
tion of temperature, is surrounded by a 
wrought-iron tire, 150 inches long and 10 
square inches in section. Suppose now 
that the tire cools through a range of 20° 
Fahr., or from say 50° to 30° Fahr., and 
that its co-efficient of lineal contraction is 
=0.0000064. Its lineal decrease will 
then be 0.0192 inch, and the mechanical 
equivalent of this reduction will be 1.5 





ton per square inch, or 15 tons on the 
whole tire, a strain quite insignificant 
compared with its ultimate strength, 
even upon the assumption of the above 
physically impossible conditions. 

he foregoing theories have been most 
frequently appealed to when the cause 
of fracture has not been self-apparent; 
but the Author believes them to be in- 
adequate to explain, first, the fracture of 
tires of good material and workmanship; 
secondly, the fracture of tires at several 
places; thirdly, that a railway may be 
free from such breakages for a long 
period, followed by a shorter period of 
frequent breakage; fourthly, the fracture 
of tires at several places through the 
solid part rather than through bolt or 
rivet-holes ; fifthly, that tires generally 
have run several thousand miles before 
“g fly to pieces. 

he strain caused by shrinking on an 
engine tire, and that of centrifugal force 
at high speeds, when combined with the 
loss of strength and the severity of im- 
pact during frost, may together amount 
to a considerable portion of the total re- 
sistance of its material. As they cannot, 
however, be considered sufficient to ex- 
plain fracture in many cases, the Author 
will proceed to describe what seems to 
be the cause of those strains which must 
exist in a tire at the moment of its 
fracture; and for this purpose will refer 
to some well-known facts which, so far 
as he is aware, have never yet been ap- 
pealed to. 

If a flat stout bar or piece of plate of 
cast or wrought iron, or other metal, be 
subjected on one of its surfaces to long- 
continued light hammering or rolling 
when cold, that surface will become com- 
pressed or elongated to an extent depend- 
ent upon the duration and intensity of 
the hammering or rolling. If the plate 
or bar be thin the effect of compression 
by hammering will extend throughout 
its thickness, and little change will re- 
sult except of tension in orthogonal 
directions in the plane of the surface; 
but if the plate or bar be thick, relative- 
ly to one or both of its other dimensions 
and to the force producing compression 
at any moment upon one surface only, 
the effect will be that that surface will 
be compressed and elongated in all di- 
rections, while the opposite surface will 
remain unchanged. The effect of thus 
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altering the relative dimensions of the | 
two surfaces, of the originally flat plate 
or bar, will be to make it assume the 
form of an umbo, or of a bow with the) 
convexity towards the rolled or hammer- | 


At the time of the Crimean war, a 
ortion of Woolwich Arsenal, traversed 
y heavily-laden vehicles, was covered 
with cast-iron plates, for the purpose of 
protecting the roadways and reducing 


ed surface. The amount of this con-| the draught resistance upon them. After 
vexity depends upon conditions attend-| these plates had been down a few 
ing the rolling or hammering, as well as | months, they assumed the form of in- 
upon the duration and intensity of these. | verted shallow dishes, and it was in con- 

xamples of this elongation of one sur-| sequence necessary to take them up. In 
face of a plate or bar, and its attendant|each of these examples the plate was 
results of convexity of that surface are | vertically free, and the force exerted by 
not infrequent. A familiar example of | the extended upper surface was expended 
its — application in the foundry, in the production of the curvature de- 
is that of straightening cast-iron plates, scribed. But if the bending thus orig- 
such as coping plates which have become | inated had been opposed by a competent 
bent in cooling, by placing the convex | resistance, the internal molecular strains 
side upon an anvil, and lightly hammer-|engendered by the extension of one 
ing the concave side. Tramway plates,|surface, would gradually have become 
under the rolling action of the wheels of | sufficient to cause rupture, either by the 


| 


heavily-laden vehicles, afford another 


crushing of the upper portion of the 


example. These, if of sufficient meepee | waen or by the tearing asunder of the 


to give the desired protection to a road- 


lower portion, just as an arched rib, 


way, become converted into shallow in-| loaded with a breaking weight, and sup- 
verted dishes. Fig. 1 is a section of a|ported only at its lower extremities, 


Fie. 1. 


EE  — 


a 
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Section of a tram-plate from Westminster Bridge taken 
up in 1873. The dotted lines represent the original 
form and thickness of the plate as put down in 1861. 

tram-plate put down on Westminster 

Bridge in 1861, and taken up in 1873, 

after twelve years’ wear. It affords an 

example of the intensity of the differen- 
tial strains thrown upon the material of 
the plate by which the curvature has 





been effected, because a large portion of | 


would give way by crushing or crump- 
ling at the upper, or by tearing asunder 
at the lower edges or flanges. Many 
more illustrations might be adduced, 
but it is unnecessary to dwell upon them. 
It now remains to correlate these facts, 
and to draw such conclusions as they 
warrant, in explanation of the conditions 
involved in the often apparently anoma- 
lous fracture of railway tires. 

From what has been said, it will not 
be difficult to see that the rolling and 
hammering action, to which railway tires 
are subjected, must so extend and com- 





the surface has been worn away, chiefly | press some parts of their outer surface, 
by the aid of the sand and dirt with|as to create those internal molecular 


which the plates are always covered. 
This grinding away of the surface of the 
plate contemporaneously with its com- 


strains, the result of which is illustrated 
in a small degree by Fig. 1. From the 
time a tire is put to work, and begins to 


pression almost wholly prevents the | roll under its load along the hard road of 


accumulation of the bending force, for 
the compressed material which would 
exert that force is nearly all removed; 
so that the fact of the production of the 
curvature of these plates, under such 
conditions, is a strong proof of the forces 


iron or steel, it is subjected to a “ rolling 
out” of the surface at a rate depending 
principally upon the load, the velocity 
at which it is impelled, the elasticity of 
the wheel and the permanent way, and 
the nature of the material of which the 





brought into play by the rolling action tire and the rails are composed. If the 


of the wheels of loaded vehicles. AlI-| pressure upon a unit of surface of the 
though it took twelve gy to produce | tire were only such as to bring into play 
the curvature shown by the section, a/the elasticity of the material, no exten- 
less number of years would, under more/sion or permanent compression would 
favorable conditions, suffice to bring| take place; but as the pressure upon the 
about the same result. | small surface, at any moment in contact 
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with the rail, is vastly greater than that 
necessary to surpass the elastic resistance 
of the material, it loses ductility, and 
permanent compression, and elongation 
of the surface are the result. 

Every revolution of the wheel is at- 
tended by a fresh permanent loss of 
ductility of the material of the tire; for 
although repeated application of a simi- 
lar weight or pressure may not reduce 
its elastic resistance, the ductility will be 
drawn upon by every fresh application 
of the pressure, until all ductile resist- 
ance is lost, and rupture approached. 
Thus film after film of the tread of the 
tire is permanently compressed and elon- 
gated, until the thickness so molecularly 
altered becomes sufficient to create in- 
ternal differential strains upon the tire, 
of such magnitude as to surpass its re- 
sistance to rupture, or so nearly to ap- 
proach it, that an unusually heavy im- 
pulse, or other extraneous force, is alone 
necessary to effect such a result. Con- 
sidering the small surface of tire at any 
moment in contact with the rail, and 
that the load upon this small surface per 
unit is very great; that the velocity with 
which the wheel is impelled is often 90 
feet per second; and that the speed with 
which a tire strikes any projection, or 
descends from one level to another, as at 
a defective fish-joint, is that due to the 
recoil of a heavily loaded spring, proba- 
bly approaching 1,000 feet per second, 
—it is not difficult to see that the com- 
pression of the tread of a tire under 
such conditions may be very rapid, and 
a run of a few thousand miles sufficient 
to create strains productive of fracture. 
Thus, when the outer and lengthened 
portion of a wheel tire is under com- 
pression, and the inner portion corre- 
spondingly under tension, at some period 
this compression and tension will end in 
a tendency to tear asunder the inner por- 
tion, or to crush or crumple up the outer 
portion. Or,—as would seem to be more 
—, the case—these antagonistic 
orces, in equilibrium while the wheel is 
running smoothly, will insure the ruin of 
the tire as soon as that equilibrium is 
destroyed, by a blow such as is sure to 
be met with while running at high speeds 
with heavy loads. 
. Confining attention for the moment to 
a tire without weld, and without screw 
or bolt-holes, it may be assumed that the 





differential forces are diffused equally 
throughout the whole length. hen, 
therefore, these forces are nearly equal 
to the total resistance of the tire to rup- 
ture, being elastic forces, they will, on 
an abnormal shock being delivered upon 
the tire, cause it to burst, because the 
forces tending to rupture at every point 
in its length are thus made to exceed 
those resisting them, in a time measured 
by the transit velocity of wave-impulse 
through a homogeneous material. This 
is probably not less than 1,500 feet per 
second, so that the shock may be con- 
sidered as_ practically simultaneous 
throughout the length of the tire. The 
forces, therefore, which previous to the 
shock were supposed to be equilibrated 
by their resistances, being internal, tend, 
when that equilibrium is destroyed, to 
produce fracture at every point in the 
tire. A flat tram-plate which has its 
upper surface compressed and elongated, 
being vertically free, can accommodate 
itself by an upward convexity to the 
condition of differential surface dimen- 
sions; but the circular form of a railway 
tire prevents any such accommodation 
by bending. Instead, therefore, of the 
differential strains being expended in 
producing change of form, the tire is, in 
assumed segment, in a condition analo- 
gous to that of a bent girder loaded on 
the convex side by a force which, when 
aided by a slight shock or other extra- 
neous addition, becomes sufficient to 
overcome its resistance to rupture.* It 
will, however, be seen that it is not a 
necessary condition that every one of 
several fractures in a tire should take 
place with absolute simultaneity, because 
the precedence of one fracture will ren- 
der those internal forces which produced 
it free to initiate fracture in as many 
places as may be necessary to satisfy or 
expend the internal differential strains. 
These strains may, when one fracture has 
taken place, be dissipated by the bend- 
ing of the tire. 

But besides explaining the conditions 
of fracture of a tire not weakened 
either by a weld or by bolt, or screw- 
holes, it is necessary to consider the 
fracture of tires weakened by these— 





* This illustration is not, however, strictly accurate, as 
the strains in the girder will be age at the centre; 
but with the tire the strains will uniform throughout 
any assumed segment. 
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not indeed to find the explanation of 
fracture at such points of weakness, for 
that may perhaps be considered as suffi- 
ciently obvious, but to find the reason of 
fracture when that takes place through 
the solid material of the tire, and not 
through screw or rivet-holes. 

In the accident at Shipton, in Decem- 
ber, 1874, the tire was affixed to the 
body of the wheel by four rivets. The tire 
broke at two places, each about midway 
between two rivet-holes, through the 
solid material, which was iron, though 
one fracture was surmised to be at a weld. 
This is only one of many cases of frac- 
ture through the full section rather than 
through the reduced section at a rivet or 
bolt-hole. The explanation is not diffi- 
cult. At a rivet or bolt-hole, the con- 
tinuity of the tire is broken; and as 
these holes are usually near the centre of 
the tread of the tire, the continuity is 
broken just at the part subject to the 
greatest compression. The result of this 
is that round these holes the tangential 
and transverse compression, produced by 
the impeded elongation of the material, 
is dissipated in an upward flow of the 
particles, tending to the production of a 
crater-like ridge, somewhat less in inter- 
nal diameter than the bolt or rivet-head. 
This ridge is never actually produced, but 
is worn off either by the ordinary running, 
or by the break-blocks, as fast as it tends 
to rise above the normal surface of the 
tire, which at these points is relieved of 
almost all strain. Hence a tire, consid- 
ered in reference to the forces suggested 
as productive of fracture, may, after it 
has been some time in work, be stronger 
at a rivet or bolt-hole, particularly as 
against impulse, than at a point in the 
solid material at some distance from it. 
The above may be thus illustrated: If 
one end of a piece of iron of small sec- 
tion be subjected to repeated blows from 
a hammer, the result is, as in making a 
rivet-head, the hammered particles flow 
outward in all directions from the centre. 
But if, instead of the piece of small sec- 
tion, the same amount of hammering be 
done upon the centre of one surface of a 
ae of thick flat plate, the work will 

e consumed in compressing or elonga- 


ting a — of that surface, tending to 
t 


make the plate assume an arched form, 
because the hammered particles, which 
were free to move in forming a rivet- 





head, are confined by the surrounding 
and underlying unhammered particles in 
the plate. 

The differential strains created in a 
tire are less simple than haveebeen hith- 
erto considered, for the compression and 
elongation is most intense toward the 
centre of the surface, so that the tire is 
subjected to a transverse strain as well 
as being, like the centre portions, under 
compression. In a flanged tire, these 
strains are more complex, as the flange is 
not compressed, but, like the interior por- 
tions of the tire, remains unaltered ex- 
cept by the tensile strain thrown upon it 
by the compressed portions of the tread. 
Thus the tire may be considered as con- 
sisting of three portions, rigidly con- 
nected, the central portion, under a great 
compressive strain, being resisted by and 
tending to lengthen the two others, until 
the tensile strain, aided by an impact 
force, becomes sufficient to overcome 
their resistance to rupture. The condi- 
tions indeed warrant the suggestion, that 
the fracture of a tire is of a character 
such as is induced by a bursting strain. 
As a proof of the existence of the strains 
here appealed to, it may be mentioned 
that many tires when taken off the 
wheels present internal transverse curva- 
ture, as shown in Fig. 2, though when 


F 


the tire was new this surface was flat. 
This curvature has the effect of keeping 
many tires tight on the wheels, that 
woudl otherwise become loose. Although 
the rolling of the tire increases its diam- 
eter at v, the curvature tends to diminish 
the diameter at z,z. Of the 684 failures 
in 1875, three hundred and fifty-nine tires 
are reported as having split “ longitudi- 
nally.” Of these, twenty-three broke at 
A (Fig. 3), fifty-eight at B, fourteen at 
C, seventeen at E, twenty-one at G, and 
six at K. It will be seen that the num- 
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ber split at B was more than double 
that elsewhere, the tendency to rupture 
from the compression of the tread, and 
the condition of support being greater 








at that point than at any other, the 
static and impact strains being chiefly 
developed at n, Fig. 2, and the support 
being at 2, 2. 

It must be pointed out that the con- 
ditions brought forward, as to the origin 
of fracture of a large number of railway 
tires, do not obtain with the tires of the 
wheels of ordinary vehicles. In their 
case, the surface in contact with a mac- 
adamised road is always much greater 
than with a railway tire upon a rail, and 
the pressure per unit of surface is there- 
fore much less, whilst their running 
velocity rarely exceeds one-sixth that of 
a railway wheel, so that the conditions 
necessary for “rolling out” the surface 
are absent. 

It would seem then that the tires upon 
elastic wheels have some advantage over 
those on non-elastic wheels, as the com- 
pression of their surface must proceed 
more slowly than with those upon wheels 
almost rigid, which act as anvils for the 
tires to be rolled out upon. Still it is 
only a matter of greater length of time 
for them to fail by reason of the inter- 
nal differential strains. 

Having now described what the Author 
believes the principal cause of the frac- 
ture of railway tires, it remains to make 
a few collateral remarks’ on the subject. 
If his theory be correct, however good 
the material and workmanship of a rail- 
way tire, it must gradually become un- 
safe from other reasons than simple loss 
of thickness; for, whether it be of steel 
or of iron, it is amenable to the produc- 
tion of internal molecular strains conse- 
quent upon the rolling out and compres- 
sion of its outer portions, which must at 
some time become of sufficient magni- 
tude to initiate fracture. 

If steel: tires or their outer portions 
could be hardened without sacrificing 





any of their resistance to rupture by im- 
pulsé, their durability would unquestion- 
ably be greatly increased. The tire 
would then partake of the character of 
a hammer with a hardened steel face; 
the rails upon which it ran would un- 
doubtedly suffer more from deformation 
of their surface than by unhardened steel 
or iron ties, but the life of a tire and its 
resistance to surface compression would, 
like the hardened hammer face, be in- 
creased. The durability of the American 
chilled cast-iron car-wheels is probably 
owing to the extreme hardness of their 
running surface, and their consequent 
resistance to surface compression. Un- 
chilled cast-iron railway wheels would 
eer sm | be fractured after running a few 
hundred miles by the forces described. 
These views afford an explanation of the 
cause of the breaking off of small patches 
from the tread of chilled cast-iron wheels; 
the detachment of which dissipates the 
strains induced by compression. 

Although the duration of the tire in 
an elastic wheel is increased, yet as the 
tire has still to carry a load, its surface 
must be subject to deformation. That 
deformation will not proceed quite so 
rapidly as with a nearly rigid wheel, the 
inertia of which upon impact strain 
would have to be overcome by the tire 
before it was relieved by the springs 
of the vehicle under which it was 
running ; whereas a good elastic wheel 
may be considered as having some- 
what the character of a spring, and, in 
so far, being without such inertia. The 
tires of wheels fitted with breaks pro- 
bably have their liability to fracture 
slightly diminished, especially where 
cast-iron break-blocks are used, as some 
of the compressed portions are more 
quickly worn off by these, and by the 
skidding upon the rails, than with tires 
not so circumstanced. From this it 
might be expected that the vehicles of 
Metropolitan railways, on which stop- 
page at every few hundred yards neces- 
sitates the frequent application of breaks, 
should be peculiarly thes from fractured 
tires; for a large number of the wheels of 
every train carry breaks and frequently 
run skidded for considerable distances 
upon the rails, so that the wear must be 
great, and is probably sufficient to dissi- 

ate the strains that would accumulate 
if the tires were not so worn. 
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The lamination of the surface of rails, 
articularly noticeable where the traffic 
is great, is an illustration of some of the 
effects of the rolling-out action of the 
wheels. The head of the rail not being 
wide, and the rolling being as much on 
one side at least, as at the centre, the 
portions rolled and compressed are com- 
paratively free to flow towards the sides 
of the rail, where they become detached, 
and with rails of inferior quality lamina- 
tion takes place. Tires of similar mate- 
rial would probably be somewhat relieved 
by lamination from the strains induced 
by rolling; but what would be gained in 
this respect would be more than counter- 
acted by the loss of strength of the 
material. 

With reference to the fastenings for 
railway tires it would seem, that the ulti- 
mate strength of a tire, as against ordi- 
nary wear and tear, is not reduced by 
the method of fastening on to the wheel 
by rivets or bolts. Of the 550 reported 
fractures in tires fastened by this means, 
79 per cent., or nearly four-fifths, were 
fractured through the full section; some 
of which were affixed by screws from the 
inside of the tire, and only penetrated 
through it. Had these been fas- 
by rivets or bolts passing quite 


partl 
mee | 
through them, it is probable that the 
number of fractures through the solid 
metal would have been eee 
greater than 79 per cent. Notwithstand- 
ing this, however, the best mode of 


annular 





fastening is unquestionably b 
clip-rings and grooves on both sides of 
the tire, so as to prevent the portions of | 
a fractured tire from leaving the wheel, | 
as it is from the latter cause that the 
lamentable results of some of these frac- 
tures are to be ascribed. 

With a view to the prevention of the 
fractures of tires, the Author ventures 
to suggest that:— 

1st. No tires should be allowed to run 
more than a certain number of miles, 
dependent upon the character of the 
vehicles they are running under, upon 
the section and meatal of the tires 
themselves, and upon the hardness of the 
rails. At present no sufficient informa- 
tion exists upon which to base an arbi- 
trary mileage, as till recently no system- 
atic accounts of the number of miles run 
by tires were kept, so that the safe mile- 
age of various kinds of tires under the | 





different kinds of vehicles and engines 
remains to be determined, by careful ex- 
periment and extended observation. 

2d. That the condition as to wear of 
the surface of tires should be watched 
with the greatest care, and when the yet 
to be prescribed mileage has been run, 
the tires should be re-turned, or, if that 
be not requisite, then they should be 
heated to a sufficiently high temperature 
to allow of the dissipation of the inter- 
nal molecular strains, and of a re- 
arrangement and repose of the disturbed 
particles. Tlie tires might then, if not 
worn out, be replaced. 

In conclusion, it is not pretended that 
the statistics in this Paper are complete, 
as until 1873 the railway companies did 
not report the accidents on their lines. 
The figures quoted are of those acci- 
dents reported upon by the Board of 
Trade officials between 1847 and 1873, 
with the exception of the fourteen by the 
Great Western Railway Company be- 
tween 1873 and 1874, and those reported 
by all the companies in 1875, many of 
which resulted in no accident. They do 
not represent all the fractures, nor the 
number of miles in every case run before 
each tire was fractured; but they do give, 
in a large proportion of 550 cases, the 
particulars and date of fracture, and the 
mode of fastening, and they are suf- 
ficiently illustrative for the immediate 
object of this Paper. 

Although the Author has not been 
able to bring forward the results of ex- 
haustive experiments and observations 
in support of the propositions he has 
made, it is hoped that the arguments he 
has adduced will lead those who have 
the means to consider it worth the time 
and trouble to carry out such experi- 
ments and observations. 

Dr. Percy observed, through the Sec- 
retary, that it did not seem that any 
real investigation respecting the state 
of the metal of broken tires had yet 
been made. It would, he thought, be 
possible, from a thorough examination 
of them, to deduce decisive and import- 
ant conclusions. Some years ago he 
published a letter in Zhe Times, suggest- 
ing the desirableness of preserving speci- 
mens of metallic objects connected with 
railway accidents; and he ventured to 
add that The Institution of Civil Engi- 
neers should take up the question, and 
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be the depositary for such objects. There 
need be no necessity for.publicly an- 
nouncing the particular accidents. The 
Author had not mentioned Styffe’s ex- 
periments on the tensile strength of iron 
at low temperatures. His conclusion 
was, and he was a trustworthy and an 
able man, that the tensile strength in- 
creased with diminution of temperature. 
Mr. C. P. Sandberg had also experiment- 
ed in Sweden on the subject, and con- 
cluded that, although Styffe’s experi- 
ments justified his conclusion when the 
rupturing force was slowly applied, yet 
the reverse was the case when the rup- 
turing force wag sudden, as in concussive 
action. Dr. Percy was disposed to 
think that this view was correct. 

Sir John Hawkshaw, Past President, 
said the Author had brought forward a 
new subject for the consideration of 
those who took an interest in the ques- 
tion of tires. He had pointed out that 
the breakage of a tire might arise from 
the hammering of the surface; but he 
thought the suggestion, that a tire 
should not be allowed to run more than 


a certain number of miles, was a little) 
In order to come to such a) 


premature. 
conclusion a strict account would be re- 
quired, in the record of fractures, of the 
number of years which each tire had run. 
If it could be shown that tires broke 
after a certain age more frequently than 
before that age, that might be some rea- 
son for the recommendation. As far as 
his experience went no such record had 








did not say that the process might not 
occasion fracture; but at all events, be- 
fore the suggestion was adopted, that a 
tire should be allowed to run only a cer- 
tain number of years, a great deal more 
information was required than was at 
present possessed. 


Capt. Galton remarked that during 
the last summer he had had an oppor- 
tunity of seeing many wheels and tires 
in the United States, which had perform- 


ed a remarkable amount of mileage; and 


the conclusion to be drawn from those 
observations was certainly not that the 
number of miles run by tires should be 
limited as a means of preventing acci- 
dents. It was, he believed, rather a 
question of material, and of the cushion 
upon which the tire rested. A number 
of Swedish wheels and axles were shown 
at the Centennial Exhibition at Philadel- 
phia. One set of these was by the Swa- 
hammers Bruk Foundry. It was a pair 
of wheels and axles of welded iron, 
which had run 125,000 miles (certified in 
the fullest manner), and they showed 
scarcely any wear. The tires were fixed 
on by bolts. Another set of steel tires 
by the Sandviken Foundry had run 
about 200,000 miles, with scarcely any 
signs of wear. The mode of attachment 
in that case was by a bolt from under- 
neath, penetrating a short distance into 
the inner surface of the tire. Some steel 
tires by an American firm had run 
309,000 miles, and were not much worn. 


been kept. With regard to the breaking | They were on paper wheels in Pullman’s 


of tires, there were, as in the Breaking of 
links in a chain, an inconceivable number 
of causes at work, some of which would 
probably never be discovered. Every 
now and then a link in a chain would 
break, leading to serious consequences, 
though perhaps the chain might have 
been proved, and care taken that the iron 
was of proper quality; and this would 
happen quite as frequently to a new 
chain as to an old one, indeed perhaps 
more frequently. Old chains would 
often go on with fewer accidents of that 
kind than new ones. So it might be 
with tires. When he was in the habit 
of attending to such matters more than 
at present, he sometimes found tires 
breaking before any such process as had 
been described could have acted upon 
them so as to produce the fracture. He 


| 





cars, and had been running nearly nine 
years. The mode of attachment was by 
bolts passing through the paper of the 
wheel. The wheel was made of solidly 
compressed paper, and it appeared exact- 
ly like wood. It was formed like a 
wooden wheel, only the nave and the 
tires were of metal. Some other wheels 
used in the United States had afforded 
very good and even remarkable results. 
The tire was supported upon a series of 
blocks of hickory, driven in between the 
felloe and‘the tire of the wheel. The 
blocks were so driven in as just to sup- 
port the tire, and to keep it free from 
touching the felloe. The results in point 
of mileage were remarkable. He thought, 
therefore, that the chief point for con- 
sideration was how to cushion the tire on 
the wheel, and how to improve the ma- 
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terial of the tire, rather than to limit the 
mileage to be run by the wheels. 

Mr. Rochussen said, ten years ago he 
had presented a Paper to the Institution 
giving a number of tubular statistics as 
to the wear of corrugated disc wheels, 





tion of those that broke was exceeding- 
ly small; but the force referred to as 
occasioning fractures was going on so 
constantly, that if the Author’s explana- 
tion was correct scarcely any tire ought 
to stand. That the force might operate 


such as were in general use in Germany to some extent was undeniable, but the 
and other portions of the Continent. It) fact of its not acting more generally re- 
was then proved that they had a life ex-| quired some explanation. 

ceeding 398,000 miles, whilst now, such! Mr. E. Riley thought that engineers 
improvements had been made, that the| should pay more attention to the material 
Bochum Steel Works were enabled to of which wheels and tires were made 
guarantee that the life of these wheels | and to the influence the various chemical 
should not be less than 500,000 miles. | ingredients had on its quality. He was 
The plan adopted was to cast the center| aware that little confidence was placed 
and the tire in one, so that there was no|in the composition of steel. With re- 
question as to how the tire should be gard to wrought iron the question was 
fastened. If in the end the tire should | no doubt chiefly one of mechanical treat- 
be worn out, there was no reason why| ment: the iron might be chemically 
the center should not be treated as an| good and mechanically bad. But he be- 
ordinary wheel center, and another tire lieved (and the belief increased with his 
be shrunk on. The same form was after-| experience) that the elements found in 
wards adopted by the Hoerde Works, steel had a marked effect upon the qual- 
and it had been largely introduced ity. He wished to warn engineers 
throughout the German system,—a/ against drawing wrong conclusions on 


wrought-iron center with a puddled steel 
or cast-steel tire shrunk on, and screwed | 
on from the inside. The latter form was | 
at first found to be cheaper, but now) 
that cast steel was so low in price, there 


was no necessity to make two separate 


insufficient grounds. He would illustrate 
his meaning by a case that had recently 
occurred. He had examined a steel rail, 
and had found that it contained 0.2 per 
cent. of sulphur. He could not believe 
it, but on trying again, the result was 


parts. He believed that the cast-steel the same. The fact was at first doubted 
wheel now made in this country as well) at the works, but it was found to be as 
as in Prussia would be the wheel of the! he had stated. The rail was, he believed, 
day. It seemed hardly dignified, after,a good one, and an engineer would 
so many years’ experience, still to think | naturally say, “If you have a good steel 
of the cushion of a tire, when the tire rail with 0.2 per cent. of sulphur, what 
and the wheel could so well be made in| has chemical composition to do with it ?” 
one. In the manufacture the difficulty would 

Dr. Pole said the members were much |be in rolling. At a high temperature it 
indebted to the Author, who had brought | would be possible to roll it and make it 
a good deal of thought to bear upon a/a good rail, but the manufaeturer would 
very obscure subject, and his statements | find a great waste in such rails by rip- 
were worthy of careful attention. The ping and tearing. In all cases of frac- 
facts mentioned with regard to the elon- ture it should be ascertained whether 


gation were well known to those who 
had an opportunity of observing and ex- 
amining old tires. The result of the) 
long wear was such that as the tires be-| 
came thin, all tension ceased, and they | 
actually became loose, assuming a form 
of section convex to the tread. In re- 
gard to the explanation given by the 
Author of the cause of fracture, there 
appeared a difficulty, for if it were true, 
then more tires ought to break. If sta- 
tistics were given of the number of tires 
in use, it would be found that the propor- | 


'there was anything wrong in the mate- 
rial of the tire or of the rail. He 
thought that in many instances the ma- 
terial itself might be faulty. He quite 
agreed that the physical condition of the 
steel was an important matter. In the 
case of tires the exact quantity of car- 
bon in each should be ascertained. En- 
gineers might say that they could tell 
by turning a tire whether it had too 
much carbon; but he was of a different 
opinion. The tire might have been 
cooled slowly, and might contain a good 
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deal of carbon. A great deal depended 
upon the mode of cooling, especially in 
rails. He thought that the cause as- 
signed by the Author for the fracture of 
tires was a very probable one. He 
hoped that these matters would be in- 
vestigated thoroughly, and that when 
failure arose from defective material, it 
would be attributed to that cause. He 
was certain, with regard to a rail taken 
from the Metropolitan line, it might 
last, yet if submitted to any sudden 
shock, it must, from its composition, 
necessarily break. 

Mr. J. Baker said he quite agreed with 
the Author as to the wearing of the out- 
side of tires. In turning up old wheels 
their outside was sometimes found to be 
very hard, owing to the compression 
received during running in contact with 
the rails, but after getting through the 
skin the metal was much softer. The 
chigf defect in iron tires was their split- 
ting owing to insufficient welding, they 
being rolled in a straight bar and bent 
round in a coil. Some of them were not 
sufficiently heated for welding. Being 
worked in a hollow tool caused the edges 
of the iron to lap outside, and the punch 
to fill the seams up inside, so that it was 
impossible to see whether the iron was 
properly welded, and the compression 
and bulging of the outside of the tire 
through running made the defective or 
unwelded seams give way; but no doubt 
by this method a strong tire was obtained 
as regarded tensile strength, the fibre of 
the iron being the right way to avoid 
breaking. He believed that frequently 
the breaking of iron, and especially of 
steel tires, was owing to tight hooping; 
some tires were hooped almost to their 
breaking strain, so that the first sudden 
shock ruptured them. In many instances 
his attention had been drawn to the 
matter, by the spokes or arms of the 
wheels being bent out of shape by being 
hooped too tight, and in some cases, 
when the wheels had been strong ones, a 
sharp blow withatwelve pound hammer 
had broken the tire. 

Mr. Thornycroft said the cause as- 
signed in the Paper for the breaking of 
tires, though not perhaps so important 
as the Author believed, was one that 
had been somewhat overlooked. A steel 
plate, three inches thick, eight feet long, 
’ and two feet wide, would bend material- 





ly by the work of an ordinary hand 
hammer in a month’s time. His firm 
had employed workmen to flatten steel 
plates on a steel slab of those dimen- 
sions, and it had been the custom to 
turn the slab over in order to retain a 
somewhat flat face. The slab was 
alternately bent one way and another. 
The insignificant force exerted by a 
man’s arm working on the slab seemed 
incapable of effecting the amount of 
bending which is really caused. He 
differed from the Author in regard to 
the proposed limitation of the life of a 
tire toa particular mileage. He believed 
that the life depended more on the quali- 
ty of the steel or iron employed than on 
the mileage run. 

Mr. Rich said he knew nothing of the 
working or wearing of railway tires, 
but he Stewed that the action referred 
to by the Author might take place in 
other things with which engineers were 
concerned, and notably in the case of 
toothed wheels. The surfaces of toothed 
wheels were subject to more rubbing 
than tires; an enormous pressure was 
localised upon a small surface of a tooth 
in contact, and there was some initial 
impact, and it might be that teeth were 
sometimes broken from the gradual ex- 
tension of their surface under the com- 
bined influences of bruising and hammer- 
ing, and the consequent tearing asunder 
of their internal parts, 

Mr. J. W. Barry thought the great 
local stress brought upon tires had 
scarcely been sufficiently considered. A 
weight of eight tons often rested on a 
wheel, and as there was but a small por- 
tion of metal in contact, the local pres- 
sures between the tires and the rails 
were far in excess of what occurred in 
any Other mode of applying iron. Tak- 
ing a breadth of 14 inch or two inches 
tread in contact at one time, it could 
not be assumed that there would be more 
than one-eight or one-quarter inch in 
width in contact, and under such cir- 
cumstances there would be a stress of 
from twenty to thirty tons per square 
inch. This was the case when the rails 
and tires were new, but the action was 
of course increased with worn tires 
working upon a new rail. Then even 
smaller portions came in contact, and 
extremely great local stress was exerted. 
He thought it was quite possible that 
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that action might account for some of | the tires on American railroads, it should 
the failures taking place in such unex-|be remembered that the average speed 


ected ways, and at unexpected places. 
e rail also might be worn in a particu- 


of trains in America was much lower 
than in England, and the same might be 


lar way, so that even with a new tire said with regard to the German rail- 


there might be extreme stress at parti- 
cular points; and if such pressures were 


exerted from time to time, the action to. 


which the Author had alluded, of the 


hardening of the surface of the rail, | 


might be much aggravated. He thought 
it was extremely important that tires 
should not be fastened either by bolts 
or by rivets; for, as the Author had 
pointed out, an uneven surface was pro- 
duced, which in spite of the supposed 
diminution of strain at the rivet or bolt- 
hole, must lead to an increase of pressure 
on each side of the hole. Tires running 
over such points, although wearing away 
rapidly, would from time to time be ex- 
posed, he thought, to greater strains 
than if the continuity were unbroken. 


He did not suppose that it would ever, 
be possible altogether to get rid of | 


broken tires; and the important point to 
be attended to was to keep the broken 
pieces on the wheel, so as to avoid the 
serious accidents that happened from 
such pieces flying out. A short time ago 
the traffic superintendent of a railway 
company told him that an express train, 
which had not stopped anywhere on its 
journey, entered a station sixty miles 
from its starting point with the tire of 
a carriage wheel broken in four places, 
and the wheel had run on without any 
one being aware when or where the ac- 
cident had happened. The wheel was 
furnished with the. well-known continu- 
ous ring fastening. If that tire had 
been fastened by bolts, the probability 
was that a disastrous accident would 
have occurred. 
importance not to neglect such simple 
precautions, and to get rid of bolt and 
rivet fastenings for the tires of railway 
vehicles. 

Mr. J. Cochrane said, in any limitation 
of the life of a tire to a certain mileage 
it would be absolutely necessary to take 
into consideration the speed at which 
the wheel had been running. If it ran 
at a high velocity with a light weight, it 
would be much the same as running at a 


ways. 
Mr. L. H. Shirley was surprised to 
hear that the least number of breakages 
occurred in the months of January and 
February. He had had some experience 
in Russia, where the state of things was 
exactly the reverse, the greater number 
of breakages being invariably in the win- 
ter. On one occasion, on the 3rd of 
February, 1872, a train started from St. 
Petersburg to Wilni. In the afternoon 
there were only a few degrees of frost, 
but towards the evening the temperature 
declined to—35° Fahr. In the course of 
the journey three carriages had to be 
taken off the train on account of broken 
tires, and on ascending the steep incline 
up to Wilna the steel tire of the engine 
broke. It had been found that wooden 
wheels answered best in that country, 
being attended with the fewest breaka- 
ges. With the ordinary wheel the 
breakages were numerous, and hardly 
any great frost occurred without many 
of the lines being blocked, in consequence 
of accidents to trains arising from this 


| cause, 


Mr. Beaumont exhibited two sections 
cut from tires, by permission of Mr. W. 
Adams, M. Inst. C.E., showing plainly 
the actual transverse curvature that he 
had described.. In reference to the re- 
marks of Sir John Hawkshaw, as to 


wheels rinning only a certain number of 
/miles, he did not say that tires should be 


thrown away, but that after running a 


certain number of miles they might be 
taken off and either re-turned or heated, 


It was of the greatest | 


so that the strains due to compression 
might be dissipated. As to new tires 
breaking, he had stated in the Paper 


‘that if strains from other causes tended 
to break the tires, such as by shrinking 


the tire on, it would in that case break 
when new rather than when old, because 
the effect of running was to lengthen 
the tire, and so to reduce the strain 
thrown upon it by shrinking it on. The 
same would apply to the observations 
made by Captain Galton, whose re- 


lower velocity with a heavy weight.|marks, on the durability of cast iron, 
With regard to Captain Galton’s re- | tended to support what he had said as to 
marks as to the mileage run by some of | the durability of chilled surfaces, and as 
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to the crumbling away of pieces relieving elicited so much information as he had 
the strains generated by rolling. With hoped. It was well known by manufac- 
reference to the loosening of tires, he| turers that it was a failure not simply in 
believed that a greater number would | one, but in a great number of important, 
become loose but for the bending to| though small, matters occurring at the 
which he had referred causing the tire to | same time, that caused the breakage of 
grip the wheel. After a tire had run a, perhaps the best tires. He quite agreed 
certain number of miles it became worn, | with the remark that mischief frequently 
and the rim of the wheel was also partly | arose from hooping tires too tight; and 
worn, to the new form of the tire. If|even when they were so hooped, com- 
the tires did not tend continually to as-| plete contact was not always obtained 
sume the transverse curvature described, | throughout the whole breadth of the 
they would become larger in diameter at| wheel. He believed that the curvature 
x, x, as well as at v (Fig. 2), and would|referred to by the Author was not en- 
soon become loose; but as it was they | tirely due to the cause he had assigned, 
gripped the rim at the points shown in| but that it arose in a great measure from 








the figure. 

With regard to the remark of Dr. 
Pole, as to the reason why a greater 
number of tires did not break, he thought 
it was not difficult to give an explanation. 
A great many tires, after running for 
some time, not only became curved trans- 
versely, but were irregularly deformed, 
by the detrusion of the material at the 
tread (Fig. 4), and in that way the 





strains were dissipated. But in the case 
of material that .was too hard to give 
way in that manner, the strains were 
accumulated, and tended to hreak the 
tire. Mr. Barry appeared to misunder- 
stand what he had said as to the strain 
near a hole in a tire fastened by bolts. 
It appeared that of the 477 cases of 
fracture mentioned in Captain Tyler’s 
General Report for 1875, in which the 
tires were fastened by bolts, only 194 
per cent. broke Gena the holes, show- 
ing that the strain round these was dissi- 
pated, because the material was there 
tree to flow, its continuity being broken. 
As to the number of fractures in Russia 
during severe frosts, he thought that the 
result was due, not to a difference in the 
strength of the material of the tire, but 
to the difference in the hardness of the 
road during such frosts. 

Mr. Stephenson, President, said he must 
confess that the discussion had not 


the web or spokes of the wheel not being 
so wide as the tire, the edges being 
therefore inadequately supported. He 
believed if the spokes were as broad as 
the tire, the curvature would be con- 
siderably reduced. Another important 
point had lately engaged his attention 
in preparing a wheel for the tire. Many 
persons must have noticed the difficulty 
|there was in getting tools for cutting 
| Steel to stand. It was also known that 
the speed of the wheel on the cutting 
| surface had to be kept low comparatively 
'with the hardness of the metal. It was 
often found necessary to take a fine cut 
with hard steel, and sometimes, no mat- 
'ter how well the tool was tempered, a 
|cut was lost. Theinstrument became at 
last slightly blunted, and instead of 
cutting, it was apt to spring and grind; 
|and it was impossible, however experi- 
/enced a man might be, to get the same 
|cut with the tool after it had once been 
lost. The change could be easily ob- 
served with a microscope. If the man 
started again, a hollow or a raised sur- 
'face would be left, and no calipers or 
templates would set it right. This 
‘might, be corrected by going over the 
| whole surface with another cut, but gen- 
erally this could not be done, as the 
| wheel would then be too small. He ap- 
proved of a cushion between the tire and 
the boss of the wheel, and he had a 
strong preference for wood. 

| —— me 





| Luprication.—On railway car axles 
twenty pints of oil lubricate eight 
journals of cars for 5,000 miles, or one 


| pint for 250 miles, 
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KORTING’S LOCOMOTIVE INJECTOR. 


From “ Engineering.” 


Locomotive injectors as hitherto con- 
structed labor under the disadvantage of 
feeding with cold water only, and they 
can hardly be relied upon if the tem- 
perature of the latter exceeds 104 deg. 
Fahr. Even then they require the most 
careful adjustment of the water supply. 
The reasons for this defect may be 
traced to the principles upon which the 
injectors are constructed. 

With an injector of correct propor- 
tions the certainty of action depends 
upon the velocity with which the water 
enters the space where the steam and 
water combine. In locomotive injectors 
to which the water can flow with only 
avery small pressure, this velocity de- 
pends mainly upon the vacuum produced 
in the condensing nozzle. This vacuum 
must be kept as high as possible. With 
constant steam pressure and temperature 
of water, the vacuum obtained is lower 
when the condensing nozzle is fed with 
too much or too little water; in the first 
case because the jet of steam has not 
sufficient power to impel the water 
which gives a back pressure; in the 
second case because the temperature of 
the mixture is not low enough, and con- 
sequently the vacuum is lessened. For 
these reasons the water supply requires 
to be very carefully regulated. With 
variable steam pressures and tempera- 
tures of the feed water, the vacuum be- 
comes lower with increasing temperature 
of water and also with increasing steam 
pressure, as in both cases the tempera- 
ture in the condensing space is raised, 
the maximum of which can be only 212 
deg. Fahr. But at this point the cer- 
tainty of action is ni/; generally speak- 
ing, this temperature should not exceed 
194 deg. Fahr. As the increase of tem- 
perature with high pressure steam is 
about 90 deg. Fahr., it follows that the 
feed water should not be hotter than 104 
deg. Fahr. On this account many rail- 
ways will not allow their drivers to warm 
the feed water in the tenders, as the 
reliability of the injectors increases with 
the coldness of the water, and certainty 
is of the first importance in railway 
management. This defect is almost 





entirely done away with in Kérting’s 
universal injector, which works with 
equal certainty at all pressures. This 
apparatus consists of two steam jet 
pumps combined. The second pump or 
real injector which forces the water into 
the boiler receives it from the primary 
or assistant injector under pressure, so 
that the second pump has only to over- 
come the difference in pressure existing 
between that of the boiler and that 
already overcome by the primary injec- 
tor. 

The required quantity of steam is 
therefore divided, and only a small por- 
tion of, it used in the first part of the ap- 
paratus. Consequently the increase of 
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temperature is much less than in ordinary 
injectors; the water entering it may 
therefore be much warmer without bring- 
ing the temperature in the condensing 
space above 194 deg. Fahr., which is the 
maximum here as in ordinary injectors. 
The temperature of the feed-water ma 

safely be as high as 158 deg. Fahr. / 

special feature of this primary injector 
is that with increased steam pressure it 
delivers, without regulation, more water 
at increased pressure to the second part 
of the apparatus. 

The second pump delivers into the 
boiler the water forced into it by the 
primary injector. The certainty of ac- 
tion of this second part of the apparatus 
depends upon the pressure with which it 
is fed by the assistant injector and not 
upon any vacuum. As with increasing 
steam pressure the velocity of the water 
entering the second pump is also in- 
creased, it follows that with the same 
temperature of feed-water, the reliability 
of this apparatus remains the same under 
all steam pressures, while with ordinary 
injectors it decreases as the steam pres- 
sure increases. 
water regulation is necessary. The tem- 


perature in the condensing space does 
not come in question with the second 
part of the apparatus; it may, if required, 
exceed 212 deg. Fahr., and in fact does 
exceed it, for with feed-water of 158 deg. 


On this account no, 


Fahr., and 120 lbs. boiler pressure, the 
water fed into the boiler is actually 257 
deg. Fahr. The apparatus therefore 
must not be provided with an overflow 
communicating with the atmosphere, as 
otherwise the high temperature would 
cause the formation of steam and an 
escape of water. The apparatus is start- 
ed by opening a small cock behind the 
injector, similar to that with which other 
injectors are provided for letting the 
water out of the pressure pipe. 

The foregoing illustration shows the 
KGrting universal injector in longitud- 
inal and cross sections. The work- 
ing steam simultaneously enters the two 
steam nozzles A, and A, in the injector. 
The jet of steam from A, draws the 
requisite water through the pipe B, and 
forces it through the cone D, with cor- 
responding velocity. This velocity is 
transformed into pressure in the diverg- 
ing tube E which communicates by 
means of the chambers G, and G, (see 
cross-section) with the space H of the 
second pump. From here the water en- 
ters under pressure the condensing space 
D,, whence it is forced by the steam issu- 
ing from the nozzle A, into the boiler 
through the back pressure valve S. 
While starting the injector a cock com- 
municating with space E, is opened till 
water escapes from it, after which it is 
slowly closed. 








THE MEASUREMENT OF FORCE. 


By DE VOLSON WOOD, M. A. 


Written for VAN NosTRAND’s ENGINEERING MAGAZINE. 


Ir is rare that an assailant supports 
an antagonist while he proceeds to treat 
him with unmerciful blows. In this re- 
gard I am fortunate in falling into the 
hands of Mr. Robert Moore. He quotes 
my expressions with as much confidence 
as if I were reliable authority. 

Whatever be the main purpose of his 
paper, as published in the preceding 
number of this Magazine, some points 
are evident, a few of which I will notice. 

He states that I have assigned as a 
reason for my position that “the pound 
measures pressures, as well as motions” 


|(p. 336). Where have I stated that the 
pound measures motions ? 

He states (p. 338) that I object to the 
‘use of the absolute unit of force. 
|Where have I objected to it? Further 
on he commends me more than once for 
having used the algebraic expression 
| which represents it. 

Mr. Moore claims that momentum is a 

general measure of force, and in attempt- 
Ing to prove it makes no discrimination 
| between “ Momentum” and “ Momentum- 
increment,” a fallacy which, I think, 
| Prof. Clerk Maxwell will not be guilty 
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of. Prof. Maxwell’s statement, as quot- 
ed, is true only for a force acting with 
a constant intensity. 

Mr. Moore seems to object to the 
pound, that is, the pound of force as a 
proper measure of force. I say seems 
(these are the only italics I have in this 
article), for I inferred this from one of 
the earlier declarations in his article, but 
if that is his position he has contradict- | 
ed it in several places. I contended that 





the pound was the more simple _ seo 
sion, and to show how nearly Mr. Moore | 
agrees with me I quote from his article | 
(p. 339): “ We have just seen, the pound | 
and the absolute unit are exactly the 
same in kind. Both are forces, and there | 
cannot possibly be anything measurable | 
in terms of the one which is not equally | 
measurable in terms of the other, | 
For some reasons the pound is the more | 
convenient unit. It is more generally | 
known, and does not involve as high | 
numbers as the other. But aside from 
its convenience it has no superiority | 


whatever.” I would like to underscore 
some of that. 

He refers to one error, the correction 
of which is so evident that I would not 
think of referring to it, had he not called 
for an explanation from me. It is only 
necessary to say that “acceleration” 
should be substituted for “ velocity,” and 
otherwise it is immaterial whether the 
blunder were made by the printer or by 
myself, 

In the expression Mv, if M represerits 
a certain number of pounds of mass and 
v the velocity in feet per second; then, 
if Mv is not a certain number of foot- 
pounds of momentum, what is it ? 

As illustrating the looseness of Mr. 


‘Moore’s expressions, I notice that he not 


only calls “ pressure” “ force,” and “ that 
which produces motion” “a force,” but 
he also calls the “ horse-power,” “ force,” 
and “ weight,” “force.” In reference to 
the last, he says “weight is not matter 
but a force acting upon matter.” This 
may, however, be a printer’s blunder. 





STEEL MAKING BY A NEW PROCESS. 


From “ The 


STEEL is so important an element in all 
engineering operations that any efforts 
which may be made towards effecting 
substantial improvements in the method 
of its production cannot fail to be watch- 
ed with interest, and a new process 
which is being brought before the public 
by the Red Moss Metal Company is cer- 
tainly worthy of attention. This new 
process, which is described as “a meth- 
od of producing pure charcoal steel di- 
rectly from the ore,” is the invention of 
Mr. Henry Larkin, of Manchester, who 
has devoted some five years to the per- 
fection of the various details, and these 
we have had an opportunity of inspect- 
ing in the several stages of the manufac- 
ture in the works now in operation at 
Warrington. Before, however, describ- 
ing the process, we may state that the 

chief object of the inventor has not been 
to produce what may be termed a cheap 
steel, or to compete with either the Bes- 
semer or the Siemens-Martin process on 





their own ground, but primarily to secure 


Engineer.” 


purity and accuracy in the production of 
a high-class tool steel, although at the 
same time he claims to have effected 
such economies by his special method of 
manufacture as to enable the company to 
compete in the market on the basis of 
price as well as of quality. The method 
adopted differs essentially from the ordi- 
nary routine of smelting, puddling, roll- 
ing, and converting into blister steel, the 
aim of the inventor being first to secure 
a pure powdered metal, and then to con- 
vert this directly into steel by the agency 
of pure carbon and uniform treatment, 
which, as seen in operation at the War- 
rington works, may be described as fol- 
lows: 

The first operation is the crushing of 
the ore, which we may add is obtained 
from the Marbella Mines on the coast of 
Spain, on account of its magnetic prop- 
erties, an essential although not an abso- 
lutely indispensable feature in connection 
with the process adopted for removing 
all extraneous and impure materials. The 
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crushing is effected by passing the large 
and small lumps of the ore first through 
the jaws of one of Blake’s machines, set 
as closely together at the bottom as practi- 
cable, the crushed material being sifted 
as it falls, and the coarser portion then 
passes through a disintegrator. In this 
way the whole bulk of the ore is reduced 
to the condition of iron sand, mixed of 
course with the gangue of the ore; and 
the next step is to separate the ac- 
tual ore from all extraneous matter, for | 
the purpose of obtaining as nearly as 
possible a pure oxide of iron. This is 
effected by an ingeniously contrived self- 
acting magnetic separating machine, spe- 
cially devised by Mr. Larkin for the) 
purpose. In this machine, which is capa-) 
ble of dealing with large quantities of | 
material, the particles of magnetic oxide | 
are picked up by magnetic attraction | 
contained in a pair of revolving drums | 
studded at intervals with horseshoe mag- 
nets, and carried into their proper re- 
ceptacle, whilst the refuse is deposited 
in another. Having thus got as pure 





and rich a material as possible in a pow- 
dered condition, the next operation is to 
mix it thoroughly with a sufficient quan- | 


curing the greatest heat where it is ac- 
tually required, and at the same time 
complete combustion of the fuel used. 
The retorts being ready for the charge, 
the door is removed from the feeding 
end, and a small stack of the pressed 
bricks of ore and carbonacous matter, 
packed closely on a rectangular iron 
plate, is pushed in by means of an iron 
rod. The plate being then withdrawn, 
the stack of bricks is left securely placed, 
and a second and third feed immediately 
follow, filling the retort, which is at once 
closed. After having been exposed to a 
pretty full red heat for nearly twenty- 
four hours, gas will have ceased to be 
given off, the carbonaceous matter will 
have become practically consumed, and 
the oxide of iron converted into red-hot 
iron powder. This having been accom- 
plished, the next important step is to 
convey the red-hot powder from the re- 
tort without exposure to the action of 
the atmospheric air, and to keep it so 
until it is cooled. This was an operation 
at first surrounded with considerable 
difficulty, but is now accomplished by 
Mr. Larkin in the following manner : 
The charge being ready for removal, 


tity of powdered carbonaceous matter to ordinary coal gas is first, by means of 
combine with the oxygen of the ore, and| pipes provided for the purpose, turned 
thus effect its reduction. Powdered on into the inside of the discharging end 
charcoal and resin, or other suitable | of the retort in order to produce a full 
bituminous substance, reckoned together | outward pressure of gas, whilst the dis- 


somewhat in excess of the oxygen to be 
removed, is the carbonaceous matter em- 
ployed, and the mixture, after being 
slightly warmed and compressed into 
blocks in an ordinary brick press, is 
ready for the reducing furnace. This 
furnace consists of a series of Q shaped 
gas retorts, with doors to open at each 
end. The retorts are heated by a fire, 





charging door, which is at the underside 
of a projecting end-piece of the retort, is 
removed. The door being thus removed, 
an iron receiver is brought up closely un- 
der the projecting end-piece and securely 
supported there. By a similar arrange- 
ment of pipes gas is now also let into 
the inside of the feeding end of the re- 
tort, when the door of that end is quick- 


acting somewhat on the principle of a|ly removed and a temporary door with a 
Siemens’ gas producer, and are support-'| wide slot half way down the middle is 
ed throughout their entire length by an/| put in its place. Through the slot in the 
intricate arrangement of brickwork, | temporary door the discharging tools are 
which also serves to prevent a too ready | introduced, and the red-hot powder is 
escape of the hot air into the flue. The) quickly pushed forward into the receiver 
burning gases from the fire are also made | placed at the discharging end. As soon 
to completely envelope the retorts by|as the retort is empty the gas at both 
being carried over and under in a zig-zag | ends is turned off, and the iron receiver 
course, thus still further delaying their| containing the metallic powder is re- 
passage and arresting the heat with moved, and kept carefully closed until 
which they are charged. At regular in- |its contents are cool. When the metallic 
tervals air-holes are opened in order to | powder is sufficiently cooled down, and 
complete the combustion of the gases as|no injury can arise from its exposure, it 
they circulate round the retorts, thus se-\is turned out of the receiver and again 
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passed through the disintegrator and 
magnetic machine for final purification. 
This practically completes the special 


process patented by Mr. Larkin, the only | 


remaining operation being the mixing 
with the pure metallic powder thus ob- 
tained, whatever additional carbon may 
be needed, chiefly in the form of resin, 
which enables the powder to be pressed 
into cakes, in which form it is passed in- 
to the crucibles and is melted in the 
usual way, with the addition of mangan- 
ese or any other alloy that may be found 
advantageous. 

At first sight the multiplicity of oper- 
ations involved in the process would ap- 
pear to present a serious disadvantage, 
but they are almost all of them of so 
simple and automatic a character that 
they require little more than careful at- 
tention, and accuracy in weighing and 
mixing to insure success. And although 
from the description we have given it 
will be seen that it is scarcely a correct 
use of terms to speak of the steel as 
being made direct from the ore, the 
whole of the operations are carried on 
within the works, and can, we are in- 
formed, be completed within the space 
of four days; or, in other words, the 
company can within that period receive 
into their works the raw material and 


| manufacture it into steel bars according 
to the specifications which their custom- 
| ers may require. 

The works of the company have been 
in operation for about two years. Al- 
|though the production up to the present 
‘time has been only on a comparatively 
‘insignificant scale, the experimental 
period may be said to have been fairly 
passed, and the most important feature 
_—the successful application of the pro- 
cess—has now to be considered. The 
manufactured steel has been subjected to 
‘a number of tests, and the results of 
these furnished us by the company have 
certainly been of a satisfactory character. 
Its adaptability for engineering tools has 
been tested in the workshops of’ the 
Great Eastern Railway Company; where 
in turning cast steel tires, we are inform- 
ed, it has got through at least double the 
work of any other description of steel 
which has been tried, whilst still more 
|satisfactory results have been obtained 
by Messrs. Hobbs, Hart, and Co., the 
lock and safe makers of this city. For 
ascertaining its toughness and capability 
of sustaining great tensile strains, a 
series of tests has been made by Sir 
Joseph Whitworth, of Manchester, and 
‘the following tabulated statement will 


| give the results: 





Class. permanent 
alteration. 


' haat | aki | 
Pressure first; Breaking | Total 


Elongation per 
cent. showing 


| strain per 
ductility. 


square inch elongation. 





Mild tool steel. 7 
No. 1 28.86 


31.84 
41.79 
33.83 
39.80 
40.80 





r 
52.7 46 23.13 
Chisel steel. 
46.77 .4896 24.48 
Chisel steel. 
69.65 .2236 11.18 


59.70 .3185 15.92 
64.68 3134 15.67 








63.68 2725 13.62 








So far as its success as a commercial 
undertaking is concerned, the results 
have not as yet been so satisfactory to 
the company. Experience has had to be 
paid for after the usual fashion, and the 
various processes have only been perfect- 
ed after costly experiments, whilst the 
limited quantity of the manufactured 
article which the company have been 
able to place on the market has scarcely 


been sufficient to cover the actual outlay 
in production. Having now, however, 
as we have already stated, passed the 
experimental period, the company feel 
prepared to compete in the market with 
best makers of steel, and if they can con- 
tinue to command the same satisfactory 
results as those already reported, there 
is no reason why they should not do so 
with success. 
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THE POSITION OF ARCHITECTURE. 
By Mr. J. A. PICTON. 
From “ The Builder.” 


Ler us take a general survey of the 
state of architecture over the civilized 
portion of the world. During the last 
half-century an enormous change has 
taken place. 

The mighty power of steam, whether 
applied to manufacture or to locomotion 
by sea and land, has broken up the old 
lines and established new channels of 
thought and progress: no arts have felt 
the change more than engineering and 
architecture. In the seats of ancient 
civilization, whether at home or abroad, 
the old towns have been renovated and 
rebuilt. Paris, usually considered the 
center of the arts of civilized life, is the 
most eminent example. Under the aus- 
pices of the late Emperor and his hench- 
man, Baron Hausmann, the city over 
nine-tenths of its area has been rebuilt; 
districts of squalid, tortuous alleys, the 
abodes of fever and the hotbeds of in- 
surrection, have been replaced by stately 
arcaded avenues and boulevards lined 
with trees, faced with handsome stone- 
built mansions, hotels, and public build- 
ings. Never in the history of architec- 
ture has there been such a transformation 
within so short a period. On the whole 
the effect is decidedly good. There is 
nothing in the way of street architecture 
equal to that of Paris, whilst the taste 
displayed in the vistas and intersections, 
and the open places where these occur, 
give a piquant charm not to be found, to 
the same extent at least, in any other 
city. Some of the public buildings and 
churches are of a very high class. The 
New Opera House, the culminating point 
of modern Paris, is doubtless open to 
criticism; but for lavish expenditure and 
eg of interior effect it will be 

ard to find its equal. The impulse thus 


given to Paris has spread over the whole 


country. Quiet Medieval towns, which 
had slumbered on for countless ages in 
picturesque stagnation, suddenly awoke 
with a burning thirst for improvement 
and progress. Not only the great cities, 
such as Marseilles, Lyons, and Bordeaux, 
but Rouen and Rheims, and Orleans, 
and their sister towns in countless num- 





bers, even to such a relic of the olden 
time as Avignon, have been rooting up 
their Medieval features, destroying their 
old buildings, and converting their 
streets into a réchauffé of modern Paris. 

The spirit of progress in architecture 
has not been confined to France. All 
over Europe, in every town of import- 
ance, the same revival has taken place. 
Vienna has built a new town over the 
ancient ramparts between the old city 
and the suburbs, and adorned it with 
many noble buildings and works of art, 
amongst which may be mentioned the 
New Opera House and the Votiv Kirche, 
structures fit to take rank with the 
noblest works of modern times. Italy, 
the home of architecture and art, is 
pressing on inthe same direction. Milan 
possesses a unique feature in the magnifi- 
cent Galeria Vittorio Emanuele, con- 
necting the two principal squares, the 
Piazza della Scala and the Piazza del 
Duomo, erected within the last few 

ears. Genoa and Florence are follow- 
ing in the same track; and Rome, the 
Eternal City, as she is called, has taken 
a fresh start, and is vigorously pursuing 
a course of improvement, which has 
already enhanced the value of property 
to an almost fabulous extent. 

Our own country, as you all know, 
has not been behind in the race. Here 
our progress has been further stimulated 
by the sanitary movement, which has 
led to very important consequences, 
never originally contemplated. The 
metropolis, as was natural, took the 
lead, and is still working energetically, 
opening out new streets, pulling down 
objectionable quarters, and re-arranging 
them with an eye both to health and 
beauty. Amongst these metropolitan 
improvements two are worthy of special 
mention—the Holborn Viaduct and the 
Thames Embankment,—which structures 
are each in their several way amongst 
the finest of modern times. Others of 
our great towns have kept abreast of the 
movement. Glasgow is engaged in a 
noble scheme for the reconstruction of 
the lowest portion of the city, and Bir- 
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mingham is about to spend two millions|are even here signs of improvement 
sterling in rendering the town worthy of| which are full of promise. The new 
its high position in the country. | streets in the City of London have many 
The wealth of the nation has prodig-| facades of great beauty, and the street 
iously increased of late years, and pan) eoeemontans of the West End, where 
been liberally expended in the direction | stone and brick have replaced cement, 
of architecture. This is seen in the in-| exhibit a wonderful advance over the 
creased attention to design, and in the| fashionable squares of half a century 
quality of the materials employed. The | ago. 
vile covering of compo, which half a| There is one department of modern 
century ago was all the rage, and was a art to which I desire to make special al- 
mask for the most wretched material |lusion—I mean the architecture of en- 


and work, has almost entirely dis- 
appeared, and is replaced by honest 
brickwork and ornamental stone facings. 
The architect has wider scope for the 


display of ability, and more is expected | 
from him. The houses of our gentry 
and merchants at the present day display | 
an amount of comfort and elegance | 
which a century ago were never dreamt | 
of, even in houses of much higher pre- | 


tension. 
The People’s Park has become an in- 
stitution in most of our large towns, and 


has done much to neutralise the squal-_ 
idity of our lower quarters, and to. 
brighten the life monotony of our indus- | 
Architecture, to a certain | 


trial classes. 


extent, has lent its aid in their embellish- 
ment. 

In Liverpool, commercial buildings on 
a large scale have become a prominent 


feature. Insurance offices, banks and 
piles of mercantile buildings, occupy the 
best situations in our leading streets, 


and take the place with us of the palazzi | 


in Rome, Florence, and Genoa. The 
exigencies of commerce require a peculiar 
treatment. Light, which in Italy is 


rather something to be avoided, with us| 


is the most essential element. Whatever 
our buildings may thus lose in dignity 
and grandeur, they may gain in cheerful- 
ness and brightness of aspect. 

The introduction of the suburban park 
has naturally led to a superior class of 
suburban dwellings. We find this the 
case everywhere. 
fringe of noble mansions is gradually 
surrounding Sefton Park. The styles 
adopted are fairly open to criticism, but 
in the amenities and elegancies of life 
they will be found quite equal to the 
demands of modern luxury. 

Shop and street architecture has 
hardly made the same advance as the 


departments I have alluded to, but there. 


In our own town a| 


'gineering. In the olden time the archi- 
| tect and engineer were one and the same 
person. Leonardo da Vinci, Michel- 
| Angelo, and Albert Diirer were painters, 
architects, and engineers, In modern 
times, however, a separation has taken 
place. The architect is confined to build- 
ings properly so-called, and to the engi- 
neer is confided the execution of works 
supplying the public wants where dura- 
bility and strength are required. In 
these respects our modern engineering 
is unsurpassed. The old Romans, with 
all their constructive power, and it was 
vast, never executed any works equaling 
the docks of Liverpool, or the London 
& North-Western Railway. It is much 
'to be regretted that xsthetically there 
should exist almost universally such an 
utter want of taste in carrying out our 
engineering works. In many cases where 
a very slight or probably no additional 
expense would have crowned a noble 
| work with the finishing grace of beauty, 
the opportunity has been neglected or 
even ostentatiously rejected. Could 
anything, for instance, be more utterly 
hideous than the railway bridge, erected 
by Brunel, over the Wye at Chepstow ? 
Look at the Albert Dock warehouses at 
Liverpool, consisting of a noble mass of 
building fronting the river with breaks 
and projections, only requiring the hand 
of genius with a few graceful touches to 
stamp it with the character of dignified 
beauty. It is now merely a huge mass 
of deformity. I may also refer to the 
railway bridges over the Thames, lead- 
ing to the Cannon Street and Charing 
Cross Stations. The bridges in every 
great city spanning a river are a great 
source of picturesque beauty. The 
graceful curves of the arches, the pro- 
portions of the piers, the opportunity 
‘for tasteful ornament, have rendered 
them a favorite study with architects in 
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all ages. Paris and Florence are justly | display has been lost. At the same time 
proud of the effects produced by their many of the roofs-over the stations pos- 
numerous bridges, and London Bridge, | sess the elements both of grandeur and 
Waterloo and Blackfriars have always beauty, from the vastness of the span 
been considered as adding materially to | and the scientific mode of their construc- 
the beauty of the metropolis. The rail- tion. Amongst the most noteworthy 
way bridges over the Thames, which I stand out the roof over the Midland Sta- 
have mentioned above, are about the/tion above alluded to, and the most re- 
most conspicuous examples of ugliness cent construction in Lime Street, Liver- 


and pretence to be found in the country. | 
Turn your eyes again to the two bridges | 
over the Menai Straits. Thomas Telford | 
was an architect before he was an engi- 
neer, and had executed buildings in which 
considerable taste was displayed. 
Bangor Suspension Bridge is a model of 
lightness 
grace. Compare that with the Britannia 
Railway bridge, its neighbor, where the 
highest engineering talent, combined 
with unlimited outlay, could devise noth- 
ing better than a square hollow beam. 
I must, however, in justice mention a 
more recent work nearer home—the Rail- 
way Bridge at Runcorn—which has to a 
considerable extent redeemed the charge 
of want of taste made above. 
tice, which is the only true principle for 
structures of this kind, has been very 
skillfully applied with very good results. 


There are few things finer. of its kind | 
than a distant view of this bridge, with | 


the graceful sweep of its arcaded ap- 
proaches on each side. 


There is one recent engineering work | 


which may be mentioned in terms of un- 
qualified praise; I mean the Thames Em- 
bankment. It is a work worthy of the 


His | 


and beanty, of strength and 


The lat- | 


| regret. 


pool. 

The revival of Medieval architecture 
naturally led to a closer study of our 
old buildings, particularly the ecclesias- 
tical ones, which were suddenly discov- 
ered to be in a state of decay, discredit- 
able not only to those who had the 
charge of them, but to the nation at 
large. This having been seriously en- 


‘forced on the public, an enthusiastic 


feeling set in towards their restoration; 


‘and the work has been carried on most 


zealously for a number of years. The 
amount of funds raised for this purpose 


by the liberality of the public is a mar- 


velous sign of modern times. This re- 
sult has been one of a very mingled 
character. In one point of view, the 
idea of restoring a cathedral to the ap- 


pearance it presented in its palmy days, 


when it was turned out fresh from the 
hands of the freemasons of old, is one 
to be commended, but in other aspects it 
cannot be looked upon without a sigh of 
A great part of the charm of 
ancient buildings consists in the associa- 
tion of ideas, in the feeling that we are 
gazing on the very stones which were 
/put in their places in the days of the 


metropolis of a great empire. It has| Plantagenets or the Norman kings. We 
converted into a source of beauty and | feel identified with the ages past and 
utility a site which was previously a by-| gone when we look up at the glorious 
word for deformity and wretchedness. | roof of Westminster Hall, and reflect 
The grandeur of the design, and the| what chequered scenes of English history 
magnificent way in which it has been | have been enacted under its shadow. 
carried out, are worthy of all commenda-| But scrape the rust of antiquity from 


tion. 

There is one department of engineer- 
ing whieh affords abundant scope for) 
beauty and design, viz., the Railway | 
Stations. In some of these—par excel- 
lence the Midland Station at King’s Cross 
—the aid of the architect proper has 
been called in, but the vast majority 
have been left to the same hands which 
designed the retainin 
the embankments. The results in some 
cases has been grievous disappointment 


that so fine an opportunity for artistic | 


walls and set out. 


| the stones, replace the woodwork by an 


exact fac-simile, and the charm is fled. 
The flavor is gone; we are gazing on a 
substitute instead of the original, the 
link of connection is broken and can 
never be replaced. 

Iam quite aware that in many cases 
this is inevitable. Where the substance 
is so far gone as to be incapable of re- 
pair, it must of course be renewed; sen- 
timent must not be allowed to stand in 
the way of urgent necessity. But where 
it is at all practicable, I would plead for 
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tenderness with the old work. Let it be 
replaced stone by stone. Let the vener- 
able rust be disturbed as little as possi- 
ble, that we may feel that we are united 
with our gallant sires of old, not only by 
sympathetic historical associations, but 
by a tangible chain uniting us link by 
link with all that is great and picturesque 
in the past. Who would wish to scrape 
the interior of Westminster Abbey or of 
Henry VII.’s Chapel? 


“If such there be go mark him well, 
For him no minstrel raptures swell.” 

The highest position would not preserve 
him from the execration of every one 
with the soul of patriotism within him. 

This spirit of renovation is not con- 
fined to our own country : it rages with 
even a more thorough fanaticism in 
France and Germany. Time was when 
the city of Cologne, with its host of 
venerable churches, seemed like a sec- 
tion of the Middle Ages drifted down to 
our own times. Visit it now. The 
moss-covered facades, with their mildew 
of ages, are scraped and chiselled out of 
all connection with the past. The brick- 
work looks as if it had just been turned 
out of the contractor’s hands. We turn 
away with a sorrowful feeling, something 


'and shade, and a moderate amount of 


sculptural decoration. Three of these 
elements would be entirely ignored by 
the introduction of the style proposed. 
Where richness of material and glow of 
color are the main sources relied on, 
mouldings and sculptured features are 
altogether out of place. Flat surfaces 
as a ground for the ornamental material 
are all that is required. Thus at Ra- 


| venna, where mosaic is so profusely intro- 


duced, at St. Mark’s, Venice, and at San 
Paolo without the walls at Rome, the 
costliness of the material dispenses with 
elaborate architectural details. 

The nature of the material should 
have some reference to the locality in 
which it is to be displayed, particularly 
in exterior decoration. Works of art 
in marble, and richness obtained by 
color and gilding, in the dry atmosphere 
and cloudless skies of Italy and the 
South, may keep their brilliancy for 
ages, whilst when exposed to the murky 
atmosphere of London or Liverpool, 
charged with humidity and soot, a very 
short time is required to destroy their 
beauty and precipitate their decay. It 
is grievous to see many beautiful and 
costly monuments in our cemeteries, of 


like that expressed in the old Scottish |a date comparatively recent, with their 
song : _surfaces corroded, their sculptures drop- 
“O, this is no my ain house, | ping to pieces, and their inscriptions ob- 
ver berm dell hewn on ey doue-chesh, \literated. Gilding, color, and_metallic 
And thristles on the riggin o’t.” decoration fare little better. Iron will 
Closely akin to this question of restora-| rust, gold will tarnish, color is soon be- 
tions, is the propensity for the polychro-| grimed with soot. The introduction of 
matic decoration of old buildings. On! polished granite, whether gray or red, 
the Continent this unfortunate propensi-|has been a great boon for monumental 
ty has had the effect of obliterating, or| purposes, combining color, beauty of 
at least of concealing from view, the surface, and durability. It is somewhat 
most characteristic features of some of! surprising, considering the vast advances 
the most interesting relics of antiquity.| which have been made of late years in 
In England the principal object to which | the art of pottery, that terra-cotta has 
the advocates of polychromism have di-|not been more freely introduced for 
rected their attention is the decoration architectural and monumental purposes. 
of the interior of St. Paul’s Cathedral. | In Italy, in the sixteenth century, it was 
Several gorgeous designs have been pro-| freely employed with excellent effect, as 
duced, but they have made very slow} may be seen by the examples at the Cer- 
advances towards securing public opin-| tosa near Pavia, the Ospedale Maggiore 
ion. A very rich and glowing effect|at Milan, at Bologna, and other places. 
may no doubt result from lining the! Perhaps the most beautiful specimens of 
building with coloured marbles, mosaics, | the kind are the friezes or panels on the 
and gilding, but it would no longer be|fagade of the Hospital at Pistoja, by 
the St. Paul’s of Sir Christopher Wren.| Lucca della Robbia, which combine 
The effect of the design was intended to| beauty of form, color, and durability, to 
be brought out by harmony of propor-|an extent unapproachable by any other 
tion, beauty of form, due play of light! material. 
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The literature of our art would require 
a treatise to itself. 
the standard works, such as Vitruvius, 
Palladio, Leoni, Chambers, Stuart, Brit- 
ton, Pugin, &c., which are familiar to 
every student. Architectural literature 
in more modern times has not been 
found wanting. At the head of recent 
writers we must undoubtedly place M. 
Viollet le Duc, whose multifarious 
works, commencing with the “ Diction- 
naire Raisonné d’Architecture,” down to 
his most recent volume, “ Histoire de I’ 
Habitation humaine,” are replete with 
the most valuable information, and illus- 
trated with a profusion and correctness 
not previously found. The magnificent 
work on Rome, by Francis Wey, though 
not entirely architectural, may be con- 
sulted with advantage for its beautiful 
illustrations. 

In Germany, the “ Geschichte der Ar- 
chitektur,” by Lubke, gives a compre- 
hensive view of the art, and is particu- 
larly valuable for its illustrations of 
German buildings. 

In England, Mr. Fergusson’s works 
are too well known to require more 
than a passing reference. 
cent volume on the Architecture of In- 
dia supplies a missing link in the history 
of the art. The numerous works of Mr. 
Edmund Sharpe have afforded most 
valuable aid to the students of Gothic 
architecture in its practical application. 
Nor is it likely that the supply of archi- 
tectural works will diminish. The facili- 
ties for illustration are now so numerous, 
with the aid of photography, lithography, 
and improved methods of engraving 
both on wood and metal, that scarcely 
an architectural example of the slightest 
value will long remain without illustra- 
tion. In this slight survey of the litera- 
ture of architecture, it would be unpar- 
donable not to make honorable mention 


of the periodicals. The Builder has pur- | 


sued its useful course for about thirty- 
four years, and has disseminated an 
amount of information quite incalculable. 
The Building News is remarkable for the 
profusion of its illustrations. The Brit- 
ish Architect and Northern Engineer is 
pursuing a useful course in our own 
neighborhood. In France the Revue 
Générale d Architecture, edited by M. 
César Daly, and in Germany the Archi- 
tektonisches Skizzenbuch, will keep the 


I need not refer to) 


His most re- | 


| reader au courant with the most recent 
designs and erections. I am not acquaint- 
ed with any American periodical devoted 
to architecture, but I perceive in the re- 
port of the recent National Convention 
of the American Institute of Architects, 
in November last, that a weekly archi- 
tectural journal was announced to com- 
mence on the Ist of January in the pres- 
ent year. The interchange of these vari- 
ous publications from country to country 
cannot but exercise a beneficial influence 
in the interests of the art. 
| In taking a general birds-eye view of 
the state of architecture in the civilized 
| portion of the globe, we find great diver- 
'gencies. Each nation has its own pecu- 
liar tendencies and idiosyncrasies. It 
/would be almost impossible to mistake a 
German for a French building, or either 
of these for an English one. Much of 
|this arises from the different habits of 
the people, and this again is dependent 
to a considerable extent on climate. In 
Italy the buildings are arranged to keep 
‘out heat; in Russia and the northern 
parts of Europe the object is to keep out 
‘cold. 
The motif, therefore, the principle 


\of design in each case, starts from a dif- 
ferent center, and has widely different 


aims. So, again, in church building. 
Protestant Prussia models her churches 
|on an entirely different principle from 
|Catholic Austria. The orthodox Greek 
‘ritual imposes on Russian churches a 
mode of arrangement entirely different 
from both. France and Italy, of course, 
preserve in their church building the 
original basilica form. England is the 
only Protestant country which adopts 
the Medixval Catholic arrangement for 
its churches. 

Again, in domestic architecture, the 
tendency of the people to live in self- 
contained houses, on the one hand, or in 
the flats and apartments of a large man- 
sion, on the other, has very marked’ and 
important influence on the style of build- 
ing and the appearance of the towns. 
The stately streets of Paris, with their 
six and seven storied maisons, each with 
its porte cochére and inner quadrangle, 
contrast very favorably with the inter- 
minable ranges of three-storied houses in 
London. he second-rate towns in 
France and Germany present a still more 
striking contrast with the country towns 
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of England in the loftiness and scale of ‘architecture of a people is the expression 
their habitations. ‘of its life and thought. The character 

Climate also, as affecting social habits, | of a nation is stamped upon its buildings. 
exercises a powerful influence on the lay- In the Egyptian, the Assyrian, the 
ing out of towns. Where the people| Greek, and Roman structure, we find 
can enjoy out-door life for nine months indelibly fixed the despotic gloom of the 
in the year for the most part in bright | first, the gorgeous state of the second, 
sunshine, the arrangements must neces-| the elegance and grace of the third, and 
sarialy vary from those in a country |the iron will and power of the last. 
where fog, and rain, and mist, are the| Equally so the power of the Church and 


normal condition. The blooming gar-| 
dens interspersed amongst the houses, 
the trees lining the streets and quays, 


the parterres of flowers in every open | 


space, which distinguish Italy and the 


south of France, would be an anomaly | 
‘great majority of modern buildings of 


in Scotland or Sweden. 

Another cause of diversity in architec- 
tural displays is the great difference of 
material found in different countries and 
districts. 
province of Normandy, possess freestone 
of the finest quality in the oolite forma- 
tion, and their architecture has profited 


by the boon, in the refinement and beauty | 


of their cathedrals and public buildings, 
and in the care bestowed on their private | 
mansions. Brittany and the north-west 
of France is almost entirely a granite 


district, the result of which is found in| 


the massiveness of the architecture, and 
its plainness even to sombreness. Com-| 
pare again the brick architecture of | 
Flanders and Holland, much of which | 
combines richness and "beauty, with the 


timber buildings of Switzerland or Nor-, 


way; or the dull brick buildings of most 
of the English towns, with the stone 
ashlar fronts of Edinburgh or Glasgow, 
and it will be seen that the nature of the 
materials at hand exercises a most impor- | 
tant influence on the nature of design 
and construction. 

To a great extent the modern facilities 
of carriage have neutralised advantages 
and disadvantages of this kind, whilst 
invention is ever at work to furnish new 


materials and increased opportunities 


for the architect. The vast improve- 
ments in the manufacture of iron and 
glass have furnished the means of com- 


bining lightness and strength to an ex-| 


tent previously unknown, This has 
already manifested itself in the variety 


of Crystal Palaces already erected, and | 


is destined to effect ere long still greater 
changes in the art of building. 
To what should all this lead ? 


The center of France, and the | 


ful, and the good. 


the warlike habits of the Middle Ages 
are unmistakeably impressed upon their 
architecture. What character will the 
buildings of the present age hand down 
to those that come after us? One stamp 
will undoubtedly be that of utility. The 


any importance are for the many rather 
than the few. Our railways, churches, 
markets, exchanges, town-halls, libraries, 
baths, are for the people at large. 
Another character is that of comfort. 
The standard of life is higher than at 
any former period, and all classes require 
attention to details which would have 
been utterly ignored a century ago. 
With regard to mansions of any pretence, 
‘it may be added that another character- 
istic is that of luxury. By this I mean 
something beyond either comfort or 
| amenity,—billiard-rooms, conservatories, 
marble halls, polychromic decoration, 
&c. Isee nothing to condemn in this. 
It stimulates invention and design, and 
taxes the genius of our architects to the 
utmost. 

At the opposite end of the scale the 
provision for healthy and commodious 
dwellings for the working class, at a rent 
within their means, becomes an increas- 
ingly difficult problem year by year, 
from the additional cost of land, labor, 
‘and materials. Efforts are constantly 
being made in this direction with a cer- 
tain degree of success, and the impulse 
thus given must ultimately lead to a 
solution of the problem. 

Architecture is history in stone and 
brick; and you, gentlemen, in your ordi- 
nary occupation are constantly engaged 
in writing that history. It ought to be 
a noble one based on trath and honesty, 
and aspiring after the useful, the beauti- 
In aiming at these 
ends personal aggrandisement may not 
always be the reward. The race is not 
| always to the swift, nor the battle to the 


The | strong, nor, 1 may add, do the prizes 
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uniformly fall to the lot of unpatronized 
merit; but I have great faith in per- 
severance and determination; and even 
if fortune should not ultimately crown 
your efforts, you will have had the satis- 
faction of adding to the conveniences 
and comforts of life, of producing some 
thing of beauty which may be a joy for 
ever. 

Who would not rather be a Sir Chris: 
topher Wren, with all his vexatious dis- 
appointments and the base ingratitude 
with which he was treated, than have 
been the richest millionaire who ever 
lived. 





Let the ideal of your art and calling 
be a high one,—too high to stoop to 
shifts, meannesses, or jealousies; sympa- 
thise with each other in your difficulties 
and trials; lend a helping hand to a 
brother in distress; be always ready to 
encourage the young seeking for advice 
and information; hold out the right hand 
of fellowship to all who are travelling in 
the same path, and in so doing you will 
find that union constitutes strength, you 
will magnify your office, and help to 
raise your profession to its right position, 
inferior to none of those which minister 
to the highest needs of mankind, 





NOTES ON THE MASONRY OF THE EAST RIVER BRIDGE. 
By FRANCIS COLLINGWOOD, C.E. 
Abstract from Transactions of American Society of Civil Engineers, 


Havine spent considerable time during 
the past winter in getting together the 
details of the masonry and attachments 
of the East River bridge, so far as com- 
pleted, and in revising the estimates of 
the work so far as practicable, the writer 
desires to place on record the follow- 
ing details respecting the two towers and 
anchorages. 

The figures referring to the towers will 
be given chiefly in connection with the 
Brooklyn tower and important differ- 
ences only will be noted. The principal 
dimensions of these structures are as fol- 
lows: 

HEIGHTS. 
BROOKLYN TOWER : 

Bottom of foundation below mean 

high tide 

Base of stone masonry 

Depth of water in immediate be ng 

~ Oo 

Height of roadway above mean high 


44 
20 


Height of springing of arches above 
high tide 

Height of springing of arches above 
roadway 

Height of ridge of roof stone above 
mean high tide 

Height of ridge of roof stone above 
bottom of foundation 


New York Tower : 
Bottom of foundation below mean 
high tide 
Bottom of stone masonry below mean 
high tide 





Depth of water at immediate front of ft. in. 
tower... 34 0 

Bottom of foundation to ridge of 
349” 6 


In addition to all, there will be a 
balustrade around the towers on the cor- 
nice at the roadway and also at the edge 
of the roof slopes. This will increase 
the height to 276 feet above tide. 


AREAS, OR HORIZONTAL SECTIONS. 


At bottom of foundation(that 
is—bottom edge of cais- 
son) : 

nace tower is 
New York tower is 

At top of timber, the ex- 
treme measurements of 
the base of the masonry 
are: for 

Brooklyn tower, 151 x49 
ft. with a solid section. 
New York tower, 77 x 157 
ft. with a solid section. 

At high water surface, the 

extreme measurements 


feet. sq. ft. 
102 x 168 17,136 
102x172 =17,544 


are : 
? Brooklyn tower, 57x141 
ft. with a solid section. 
New York tower, 59 x 141 
ft. with a solid section. 
First 10 feet above high 

water of 

Brooklyn tower, 56x 140 
ft. with a solid section. 
New York tower, 59 x 140 
ft. with a solid section. 
Brooklyn tower about 39 
ft. between ist and 2d 


sloping offsets 534 x 1373= 
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Brooklyn tower about 38 feet. 
ft. of same between 2d 
offset and cornice 51 x185 = 4,100 
Brooklyn tower, about up- 
per member of cornice 
at roadway 
At the base of the three shafts above 
the roadway, extreme measurements 
of Brooklyn tower, 45 x 131 ft. solid 
section of same (united) ..........- 
At the springing of the arches, extreme 
measurements of same, 424 x 1284, 
solid section (united)........... .. = 
At base of upper cornice, extreme 
measurements of same, 40 x 126 feet, 
with solid section ................. = 2,940 
Top members of upper cornice, ex- 
treme measurements, 49 ft. 104 in. 
x 135 ft. 103 in., with a solid section = 4,343 


Above high water, the New York 
tower differs from the other only by an 
increase of 3 feet of thickness in the 
direction of the axis of the bridge. 


sq. ft. 


= 4,982 


2,297 


1,952 


QUANTITIES OF MASONRY. 


BROOKLYN TOWER : 
cub. yds. 

From base of masonry to 2 feet 4 
inches above tide 6,144 
From 2 ft. 4in. above tide to roadway 19,250 
From roadway to springing Be 
From springing to top of tower 


6,033 
6,787 


Total stone work, excluding balus- 
12 
Concrete in well holes, caisson cham- 
bers, on top of timbers, and between 
timbers 5,669 
Timber and iron in Brooklyn caisson 5,253 


Total cubical contents 


49,136 
New York Tower: 


cub. yds. 
From base of masonry, to 3 feet 7 in- 
ches above tide 
From thence to roadway 
From roadway to springing 
From springing to tep of tower 


Total masonry, excluding ‘balustrade 46,945 


The timber and concrete in the New 
York tower are about one-third more in 
quantity than in the Brooklyn tower. 
The amount has not* been “ane up. 

Werents.—Taking, per cubic foot, 
the granite masonry at 153 pounds, the 
concrete at 120 pounds, and the timber 
with contained iron and concrete, at 70 
pounds, we get: 

BROOKLYN TowERr : 
Total weight of stone masonry 


Total weight of concrete 
Total weight of timber*, &e 


78,931 
9,184 


Total 
*September ist, 1876. 





net tons. | 


PressurEs.—From the foregoing we 
get, for the Brooklyn tower : 

Tons per sq. ft. 
Pressure at bottom of foundation, about.. 54 
Pressure at base of masonry (per square 

foot of bed) about 94 
Pressure at high tide (per square foot of 

bed) 13 
Pressure at base of central shaft above 

roadway, final (pressure), about 

The latter is the greatest pressure at 
any point in the tower masonry, being 
but 361 pounds per square inch, and it 
includes the pressure resulting from the 
two central cables. At the bottom of the 
foundation of the New York tower, the 
pressure is about 6} tons per square foot 
of area, and at the base of the masonry, 
about 104 tons per square foot of bed. 
The pressures at the bases of the masonry 
will be increased about 8 per cent. by 
the weight of the superstructure and 
load. 

The general form of the tower masonry 
is shown in plan by the following. (Fig. 
1.) It consists of three buttressed shafts, 
joined together so far as the roadway, 
| by four connecting walls. At the course 
|next the timber in the Brooklyn tower, 
| these walls are 17 feet thick; this thiek- 
/ness diminishes by offsets, until at high 
| water and above, it is 104 feet only. 
| Below high-water, the two well holes 
thus formed are filled with concrete and 
\from high-water to the roadway, they 
/are left open. Water, in considerable 
| quantities, collected in them during con- 
struction. 

Similar well holes or spaces were left 
from 2 feet above the arches to within 
44 feet of the top of the tower, but each 
of them is divided by an interior connect- 
ing wall (paralled to the others), thus 
making four spaces of 4 X 33 feet sec- 
tion and 25 feet high. 

The only otherspace in the masonry is 
a small vertical opening in one of, the 
side shafts, 2 feet 5 inches x 3 feet, 
starting just above the springing of the 
arch and connecting with one of the well 
holes above. By means of an iron ladder 
| in these openings, and a trap through the 
roof courses, permanent access can be 
had to the roof. 

Each arch has a span of 33 feet 9 
inches. The arches are pointed and 
formed by the intersection of two ares 
of circles described from centers in the 











springing plane, with radii of 45 feet 94 
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inches. The extrados has a radius of 48; The changes which have been noted 
feet 2 inches, with centers in the spring-|in the dimensions of the horizontal sec- 
ing plane, so placed as to give a thick-| tions are made by sloping offsets in the 
ness of arch of 5 feet at the springing) buttresses, each of 7 feet 6 inches rise. 
and of 4 feet at the point. The points|Two of these are below and two above 
of the arches are 114 feet 4 inches above the roadway, and they connect the 
the roadway. | several vertical sections mentioned. 
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Leaving the subject of dimensions, the 
next thing in order is the character of 
the masonry. Throughout the work the 
specifications for stone have required, 
among other conditions, that the beds of 
all stones should be rough axed (or 
pointed), so as to allow of } inch bed 
joints, with no pitch holes of more than 
9 inches diameter, or 14 inches depth; 
and that the stone should be cut true to 
the rise. 
feet below tide are 4 inch; below this, 
only good quarry faces were required; 
this gave joints of 4 to 12 inches, and 
closer ones could be secured for the face, 
by selecting the stone. In dimension 
backing, the vertical joints were to be 
from 1 to 8 inches in width, and in all 
common backing, quarry faces were 
allowed. 

Except where a face stone abutted 
against dimension backing, the rear face 
was left rough. Headers were allowed 
to be wilder at the rear than the face, 
provided they were jointed back suffi- 
ciently for the adjacent stretchers. All 
face stone were paid for, according to 
the dimensions on the plan, deficiencies 
on each stone being charged for at con- 
tract price, and excess allowed for as 


168 
BOTTOM OF CAISSON 





|bids on this basis. 


All vertical face joints from 4 | 





backing. The rule was finally adopted 
and is now a part of every specification, 
that all stones of irregular shape (such 
as arch stones, cornice stones, &c.) shall 
be paid for, according to strict net meas- 
urement of their cubical contents; no 
constructive measurement being allowed. 
All bidders were notified to make their 
The rises of the 
courses have been fixed in every case— 
the contractor bidding on specific rises. 
To accommodate the quarries, however, 
this has been varied between the limits 
of 20 and 30 inches; few being less than 
27 inches, and the greater number being 
of 24 inches rise. The lengths of stretch- 
ers were fixed at from 6 to 15 feet, ac- 
cording to position, and the widths at 
from 3 to 5 feet. For ordinary stretch- 
ers, the contractor was allowed to vary 
in width within moderate limits, where 
it did not affect stability or plan. 
Headers were made from 3 to 6 feet 
in width, the most common being from 
3 to 4 feet, and none were allowed less 
than 6 feetlong. The face stones ranged 
in cubical contents from 14 to 5 eubic 
yards each (the face key-stones measur- 
ing 54 yards each). The backing will 
average 1} cubic yards per piece in 
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limestone, and 14 cubic yards in granite. 
All but the cornice and offset stones, 
from high water to the roadway, have a 
rock face of about 4 inches projection, 
and the arrises are pitched to a line. 
The corners of the buttresses have a 
vertical chisel draft of 14 inches width. 
The arrises of all the offset stones have 
the same draft, and the face between is 

ointed down to a 4 inch projection. 

‘o heighten the contrast and produce 
the effect of horizontal bands, the granite 
in the offsets is of much lighter color 
than the rest of the stone. The faces of 
all the cornice stones are of six cut work 
(except on the sloping offsets as before 
described). Above the roadway, the 
face stones of the buttresses have the 
rock face projection reduced to about 3 
inches; and a chisel draft is carried 
around the face of every stone. The 
pilasters facing the roadways are finished 
like the offset stones; and the intrados 
of the arches are smooth-pointed. The 
outer arch stones have a draft 3 inches 
wide, cut on the curved edge of 
the face and 2 inches wide on the other 
face edges; thus making a raised panel 
of 14 inches height, which is rough 


pointed between the drafts. 
The voussoirs have a uniform thickness 
(length of curve on intrados) of 2 feet 3 


inches. This gives a constantly dimin- 
ishing thickness of the spandrel courses. 
The buttress and spandrel courses were, 
however, made to correspond in rise to 
the top of the thirteenth arch course 
(this having a rise on the spandrel of 233 
inches). The eighteenth spandrel course 
had a rise of only 184 inches, and from 
the thirteenth to the eighteenth, the 
spandrel and buttress courses were un- 
conformable. The bond was obtained by 
cutting down each and interlocking at 
the intersections, as best served to secure 
strong work. The study for this pur- 
pose was done by means of a model. 
The reason for not using thinner buttress 
courses and thus avoiding the necessity 
for such a construction, was, that the 
courses were too thin for the sizes of 
stone, required by the regular bond in 
the buttresses. 

The general rule of the bond through- 
out the work, is two stretchers to one 
header. 

The masonry of the towers below 
water is mostly of limestone, except the 

Vor. XVL—No. 5—28 


facing of the upper two courses, which 
is of granite. The backing above high 
_water and below the roadway is mostly 
granite, all the remainder of the work 
| being granite. 

| The anchorages were built entirely of 
limestone, with the exception of the 
corners, the front arches and the cornice. 
There were also about 650 cubic yards of 
heavy granite blocks in each anchorage, 
|placed immediately over the anchor- 
plates, in order to secure a good hold 
upon the masonry above. 

The limestone used has come from 
Kingston, Essex, Willsboro Point and 
Isle de La Motte, on Lake Champlain, 
and a small quantity from Canajoharie 
_—all in New York. The granite of the 
towers has come from Deer Island, Fox 
‘Island, Mount Desert, Blue Hill, Frank- 
fort, Spruce Head, Green’s Landing 
and Cape Ann—all in Maine; that for 
the anchorages came from Stony Creek, 
Conn.; Westerly, Rhode Island; Frank- 
fort, Maine, and Charlotteburg, New 
Jersey. 

The gravel used in concrete was beach 
gravel from various points on the north 
shore of Long Island. It contained a 
little sand, but was entirely free from 
dirt. The sand at first used was from 
‘Red Bank, off Staten Island; but the ex- 
cavation for the Brooklyn anchorage fur- 
nished an abundant supply for all subse- 
quent work. The cement used has been 
of the various brands known as Rosen- 
dale, no lime having been used at any 
time. This being a slow setting cement, 
there is a great advantage in using it 
where heavy blocks of stone are to be 
set and adjusted. 

The ordinary proportions of sand, &c., 
used, have been by bulk—for mortar, one 
part cement and two sand; for concrete, 
one part cement, two parts sand, and 
four parts gravel; around the anchor 
bars and at some other points, the pro- 
portions were, one, two, and three. No 
grouting has been permitted, except in 
rare cases where no other method was 
practicable; the general rule being, that 
all joints must be wide enough, at least 
for mortar; free use being made of 
“swords” and rammers, so as to insure 
perfect filling of joints. 
| In making up joints in the backing 
(wherever the spaces were wide enough 
to admit them,) broken stones of irregu- 
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lar sizes from a cubic foot down, were| The deflection of the center span of 
rammed into the concrete, until the|the cables is about 128 feet, and of the 
spaces would receive no more. Great| land spans about 187 feet, and the result- 
care was always taken to keep the work/ ant of pressures from the cables falls in 
clean and to wet the faces of the stone. | each pier slightly towards the river side 
The face joints were dug out to a depth | of the center line. 

of 14 inches and pointed with pure; To provide against possible changes 
cement mortar; a bead finish of about }) of form, or accident during construction 
inch projection being put on with a tool.| of the arches, the following precautions 


The pointing has never cracked, except | were taken : ; 
when done too late in the season, or; At the top of the third voussoirs, four 





when the mortar was allowed to take its 
first set before using; re-tempered mor- 
tar is sure to crack. | 

In this connection it may seem proper | 
to state that whenever necessary, the 
work has been carried on in freezing | 





heavy irons were anchored into the 
masonry on each side of each arch, to 
which 3 inch-round iron rods spanning 
the arches were attached. Each rod was 
provided with a turn-buckle for tighten- 
ing. Aside from serving to stiffen the 


weather, and no bad results have been| arches, these rods served a very con- 
observed. The tops of the various pieces | venient purpose, as supports for scaffolds, 
of work were always gone over carefully | while removing the centers and pointing 


in the spring. The concrete which had 
been put in late would usually be found | 
disintegrated to a depth of 1 to 4 inches; 
but below this it always was perfectly | 
sound. The rule seemed to be that it | 
was unsotind only so far as it was ex-| 
posed alternately to freezing and thaw- 
ing, and whenever it had taken a set be-| 
fore freezing, and not been thawed out | 
for some time, it was sound. 
The total quantity of joints, both ver- 
tical and horizontal, for all the work 
done up to fall of 1875 was as follows : 


cub. yds. 
Total masonry laid.......... ... 120,235 
Total stone used in masony....... 100,015 
Excess of masonry over stone..... 20,220 


Excess of masonry in per centage 


of amount laid 16.8 


ee 





The excess is made up of mortar, con- | 
crete and broken stone; it is probable | 
that the per centage is about 20 for the | 
anchorages, and 15 for the towers; but 
the figures may be modified by the work | 
of the past summer. | 

Before construction, a careful analysis | 
was made of the thrust, line of pressure, | 
&c., in the arches under the various con- | 
ditions of load to which they would be 
subjected. This showed that the center 
line of pressures, resulting from the pier 
only, intersected the bases of the outer | 
shafts at the roadway, at about one-third | 
of their thickness from the outer faces; | 
and that with the bridge completed, the | 
intersection at this plane was close to | 
the vertical lines through the center of | 
gravity of the shafts. 





the joints. 

Permanent strengthening bars were 
inserted in both the first and second 
courses over the arches; there being in 
all 6 bars, 5X 14 inches, over each arch, 
anchored well into the shafts on either 
side. 

Experience has shown the necessity of 
another precaution to obviate the evil 
effects of the unequal distribution of 
pressure over the base of the masonry. 
By simple inspection it will be seen that 
the pressure per square foot at the base 
of the connecting walls is less than half 
of that at the base of the shafts. Hence 
there would be a tendency towards less 
compression and settlement under the 
connecting walls, and a consequent bulg- 
ing upward at the roadway, causing 
vertical cracks in the connecting walls. 
This actually occurred to a limited ex- 
tent in the Cincinnati bridge. To ob- 
viate this tendency, bars were inserted 
in top of the fourth, fifth and sixth 
courses below the roadway, in all 16 
bars, 5 X 1} inches, long enough to anchor 
into the shafts. In addition, the stones 
of the connecting wall for several courses 
were clamped together by 14 inch-round 
iron clamps. 

Three sets of 2X10 inch-steel bars 
were inserted at each side of the pier, at 
the roadway, to serve as attachments 
for the under floor storm cables. 

A set of flat iron bars were inserted 
at 20 feet below the roadway, as attach- 
ing points for holding down stays. 

20 bars, 5 X 14 inches, reaching en- 
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tirely across the tower, were inserted in 
the top of the second course below the 
saddle plates; and in the course below 
this, 16 other bars, 5 X 1} inches. The 
ends of these bars serve as attaching 
points for a portion of the long stays to 
the river and land spans of the roadway. 

Small irons were inserted at frequent 
intervals to serve as attaching points for 
scaffolding, stairway, &c. 

On each pier, on specially prepared 
beds, 4 saddle plates, each 8 x 16 feet, 
and weighing 11 tons each. 

All irons were thoroughly galvanized 
before insertion. The saddles and plates 
were thoroughly coated with boiled 
linseed oil. 

History.—The contract for the Brook- 
lyn caisson was let October 25th, 1869, 
and work upon it began soon afterward. 
With the exception of surveys and office 
work, this was the first work done upon 
the bridge. 

The Brooklyn caisson was launched 
March 19th, put in place May 2d, and 
the first stone set, June 15th, 1870; the 
interim between launching and stone 
setting being occupied, by putting on ten 
courses of timber, and various prepara- 
tory work. Work on the masonry stop- 
ped at an ultimate height of 6 inches 
above tide, December 10th, 1870. By 
March 11th, 1871, the chambers of the 
caisson were filled with concrete, being 
at the average rate of about 50 yards 
per day. 

It is worth while to note here that the 
balance of pressure against the caisson 
while lowering, was decidedly towards 
the river; and this resulted in a move- 
ment outward of the whole mass, of 
nearly 2 feet, during the descent. As 
this had been anticipated, and the base 
of the masonry made abundantly large, 
the position was readily corrected at the 
high-water surface. 

he total time occupied from the time 
of letting the first contract was five 
years and seven months. Reckoning 
from the bottom of foundation, there- 
fore, the average height built per year, 
was 57 feet. This progress would have 
been considerably more rapid, had there 
been no delays from causes beyond the 
control of the engineering department. 

The contract for the New York caisson 
was let September 6th, 1870; and it was 
launched May 8th, following. Septem- 








ber 11th, 1871, it was put in place; the 
17 extra courses of timber (and concrete 
spaces) were completed between time of 
launching and October 31st, on which 
day the first stone was laid. 

Stone laying, with the exception of a 
few very cold days, was continued all 
winter. This was necessary, in order to 
give sufficient weight to sink the caisson 
as the excavation proceeded. May 17th, 
1872, the caisson reached its final resting 
place, and filling in began; the masonry 
being at this date about 2 feet above 
tide. The chambers were all filled by 
July 22d. Although this time is shorter 
than that occupied in Brooklyn, the 
spaces to be filled were proportionally 
less. The masonry was stopped Decem- 
ber 7th, 1872, at 60 feet above tide; be- 
gun again April Ist, 1873, and stopped 
November 22d, at 6 feet above roadway, 
or 126 feet above tide; begun again June 
22d, 1874, and stopped December 12th, 
at 200 feet above tide; begun again 
April 29th, 1875, and stopped November 
27th, at 243 feet above tide; begun 
again April 10th, 1876, and was finished, 
so far as possible, until after cable mak- 
ing, by the middle of July, or altogether 
in about five years and ten months. 

Delays have attended this structure 
the same as the other. ‘The final results 
show, that under all ordinary circum- 
stances, about five years must be allowed 
for the erection of such a structure. 

ANcHORAGES.—These rest on timber 
foundations, with the spaces between 
sticks, 2 to 5 inches, and filled with con- 
crete. The extreme dimensions of the 
Brooklyn anchorage foundation are, 119 
feet 4 inches by 132 feet. It is 4 feet 
deep, its base reaching to tide level, and 
the whole being constantly wet by water 
in the sand. The excavation was from 
20 to 25 feet deep, and the foundation 
rests on a uniform bottom of fine sand. 

The New York anchorage has a similar 
foundation, 119 feet 4 inches wide, but 
extending at the front so as to be 138 
feet long. This change was made on 
account of the character of the bottom 
across the front edge. The ground here 
had been filled in, and the excavation 
was continued until a uniform bottom 
of clean sand and gravel was reached 
over the whole surface. The foundation 


is all below tide, and has a depth of 4 
to 7 feet. 
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The masonry of the Brooklyn anchor- 
age, therefore, starts at 4 feet above 
tide, and that in New York at high tide 
level. The anchor plates in Brooklyn 


have their upper surface at 8 feet, and 
in New York, at 6 feet above tide. The 
general plan for the anchorages is here 
shown. : 
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The walls, both outside and in the 
main tunnels, have a batter of 4 inch per 
foot rise. The exterior measurements 
of the cornice are 124 feet, by 111 feet 8 
inches at rear, and 101 feet 8 inches at 
front. The main tunnels are arched 
over by semicircular arches of 23 feet 
span, springing at 62 to 66 feet above 
tide. The rear tunnels have vertical 
walls, and are arched by semicircular 
arches of 14 feet span. These were not 
a part of the original plan, but were in- 
serted to give means of communication 
from front to rear. 

For 29 feet above tide in Brooklyn, 
and 22 feet in New York, the stones, 
except over the anchor plates, are all 
limestone, with rock face pitched to a 
line on the arrises. At these heights 
there is a 10 inch offset carried around 
all the faces except those of the rear 
tunnels, and above this the corner stones 
at each exterior angle are of granite. 
The corner stones have a bold chamfer, 
4 inches broad, cut entirely around each 
face, except at the projecting corner. 
The faces between the chamfers have a 
draft 14 inches wide cut around each, 
and the surfaces between, pointed to 4 
inch projection. The limestone has the 





ieee 
4a6" 





same finish throughout, as at first de- 
scribed. The cornices are of granite, 
corresponding in detail to those of the 
towers. 

The New York anchorage contains 
28,803, and the Brooklyn anchorage 
27,113 cubic yards of masonry. 


The anchor bars start from each plate 
in double sets, one curving over the 
other. They are vertical for about 25 
feet, and then curve about 90°, so that 
the radius of a circle through the lower 
pins is 49 feet 6 inches. From this point, 
they extend to within 25 feet from the 
front edge of the masonry, where the 
cables are attached. The links of the 
first three sets have a section, 7X3 
inches; the next three, 8x3 inches, and 
the next three, 9x3 inches. The tenth 
set is double in number, and each, 14x 9 
inches. The total weight in each anchor- 
age is about 1,000,000 pounds. At each 
knuckle of the chains a large piece of 
granite is set, with a heavy cast iron 
plate inserted, as a bearing for the heads 
of the links. 


Aside from these bars, there are heavy 
bars inserted for attaching the cradle 
and foot-bridge cables, for attaching the 
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wind guys, and minor irons for tempo- 
rary wor 
e work of excavating for the Brook- 
lyn anchorage began Sutomey 15th, 
1873. The foundation was completed, 
and the first stone laid, June 26th. 
Work stopped November 29th, at 27 
feet above tide. The approximate cost 
of the season’s work, for 8,334 cubic 
yards of masonry laid, was $18 per cubic 
yard, of which $13.34 was for stone. 
Work began again June 11th, 1874, 
and continued until December 29th, 
reaching 61 feet above tide; it was 
again resumed April 6th, 1875, and was 
completed as far as practicable till after 
cable making, October Ist, 1875, a total 
of 24,132 cubic yards having been laid. 
Work on the New York anchorage 
began about May Ist, 1875, and the first 


stone was set August 5th; work was, 


closed December 11th, 15,067 cubic yards 
of masonry having been laid during the 
season, at an approximate cost of $14.50 
per yard; of which $9.50 were for stone; 
work began again April 10th, 1876, and 


the masonry was completed ready for) 


cable making August 31st. 
Estimates have not been made up, for 


this season’s work. The increased cost | 


in New, York for labor, etc., is due to 
the greater delays in handling material 


and to pressing the work, two gangs of | 


masons being employed during the day 


and one at night, instead of one day) 


gang. 

Approximate estimates of the cost of 
the Brooklyn tower, as it stands, show 
that the masonry for labor and contin- 
gencies (or everything but materials used 
In masonry), cost per cubic yard, $7.84. 
This includes labor, foremen, machinists, 
watchmen, scaffolding, wear and tear, 
rent of stone yard, towing scows, coal, 
&c., and may be subdivided as follows: 


Top of caisson to high tide, per cubic 
yard 

High tide to roadway, about per cubic 
yard 

Roadway to springing, about per cubic 
yard : 


6.36 


Of this, the cost on the stone from the 


| . 
\relative costs (independent of cost of 
stone) of the various portions about as 


the following numbers: 


| Below tide 

| Tide to roadway 

| Roadway to springing 

Springing to top 

| In other words, the first eighty feet 
above the roadway cost about one and 
‘one-half times as much per yard for 
labor and contingencies as the 120 feet 
from high tide to roadway, and the 
seventy-two feet above springing about 
twice as much. 

The average cost of the stone used in 
the Brooklyn tower, delivered at Red 
Hook, was about $21 per cubic yard, 
varying all the way from $15 to $83 per 
cubic yard. 

Excavation in the Brooklyn caisson, 
cost for labor only, including the men 
on top, about $5.25 per cubic yard. 
Running the six air compressors added 
to this, $3.60 per hour, or about 47 cents 
per yard; lights added, $0.56 more; and 
these with other contingencies nearly 
equalled the cost of labor. The great 
cost was due to the excessive hardness 
of the material over much of the surface; 
the caisson finally resting over nearly its 
'whole extent on a mass of boulders, or 
hard pan. 

The concrete in the caisson cost about 
$15.50 per cubic yard for every expense. 
'The caisson and filling together aggre- 
|gated 16,898 cubic yards; and the ap- 
proximate cost per yard for every ex- 
'pense was $20.71. This was less than 
| the cost of masonry laid in the open air. 

The labor of making these estimates 
lis very great; and it has not been done 
for the New York tower. 

Bringing the account of the work up 
| to the latest date, it is sufficient to say, 
|in closing, that the settlement of the 
| Brooklyn tower, at the time of complet- 
|ing the masonry (measured from marks 
/at all salient angles, which were made 
|immediately after the work reached high 
water), averaged 0.101 feet, the extregnes 
| being 0.08 and 0.102 feet. The average 
|for the New York tower was 14 inches, 


time it was laid alongside the dock, at| with a still closer correspondence, but 


Red Hook, until it was laid alongside the figures are not at hand. 
at the pier, averaged $1.10 per yard.| The settlement of the New York 
If we deduct this, from the cost of each | anchorage from the time of reaching 
portion as previously given, we get the| twenty-two feet above tide, when the 
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the greater proportional weight at the 


levels of all salient angles were referred 
rear. The figures for the Brooklyn 


to a permanent bench mark, was ? inch 
across the front, and 1? inches across the 
rear. The difference is no doubt due to 


anchorage are about the same, but are 
not at hand. 





FUEL.* 
By Dr. C. W. SIEMENS, F.R.S. 
From “The Engineer.” 


Next in importance to cheap, or rather 
to efficacious labor, in the production of 
iron and steel, comes cheap fuel—a sub- 
ject to which, as you are aware, I have 
devoted considerable attention, and I 
would, therefore, treat it, with your per- 
mission, rather more fully than other 
subjects of perhaps equal importance. 
Fuel, in the widest acceptation of the 
word, may be said to comprise all poten- 
tial force which we may call into requisi- 
tion for effecting our purposes of heat- 
ing and working the materials with 
which we have to deal, although in a 
more restricted sense it comprises only 
those carbonaceous matters which, in 


their combustion, yield the heat neces- | 


sary for working our furnaces, and for 


raising steam in our boilers. It may 
safely be asserted that the great supply 
of energy available for our purposes has 
been, or is being, derived from that great 
orb which vivifies all nature—the sun. 
In the case of coal, it has been shown 
that its existence is attributable to the 
rays of the sun, which in former ages 
broke up or dissociated carbonic acid 
and water in the leaves of plants, and 
rendered the carbon and hydrogen, thus 
separated from the oxygen, available for 
re-combustion. The same action still 
continues in the formation of wood, 

eat, and, indeed, all vegetable matter. 

he solar ray produces, however, other 
forms of energy through the evaporation 
of sea-water, and the resulting rainfall 
upon elevated lands, and through cur- 
rents set up in the atmosphere and in the 
seq, which give rise to available sources 
pe, Be of vast aggregate amount, and 
which may also be regarded in the light 
of fuel in the wider sense. The form of 
fuel which possesses the greatest interest 
for us—the iron smelters of Great Britain 


* Abstract of Inaugural Address of Dr. ‘Siemens before 
the Iron and Steel Institute. 





,of the nineteenth century, is without 
doubt the aceumulation of the solar 
energy of former ages, which is em- 
bodied in the form of coal, and it be- 
‘hoves us to inquire what are the stores 
‘of this most convenient form of fuel. 
| Recent inquiry into the distribution of 
coal in this and other countries has 
proved that the stores of these invalua- 
ble deposits are greater than had at one 
time been supposed. I have compiled a 
table of the coal areas and production of 
the globe, the figures in which are col- 
lected from various sources. It is far 
from being complete, but will serve us 
for purposes of comparison : 

THE COAL AREAS AND ANNUAL COAL PRODUC- 

TION OF THE GLOBE. 
Production 
in,1874. 
Tons. 


125,070,000 


Area in square 
miles. 
Great Britain.... 11,900 
Germany 1,800 
United States... 192,000 


Other countries. 


270,200 274,262,000 


This table shows that, roughly, the total 
area of the discovered coal-fields of the 
world amounts to 270,000 square miles, 
It also appears that the total coal de- 
posits of Great Britain compare favora- 
bly with those of other European coun- 
tries; but that both in the United States 
and in British North America, there 
exist deposits of extraordinary magni- 
tude, which seems to promise a great 
future for the New World. According 
to the report of the Coal Commissioners, 
published in 1871, there were then 90,207 
‘million tons of coal available in Great 
| Britain, at depths not greater than 4000 
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ft., and in seams not less than 1 ft. thick, 
besides a quantity of concealed coal esti- 
mated at 56,273 millions of tons, making 
a total of 146,480 millions. Since that 
period there have been raised 600 millions 
of tons up to the close of 1875, leaving 
145,880 millions of tons, which at the 
present rate of consumption of nearly 
132 millions of tons annually, would last 
1100 years. Statistics show that during 
the last twenty years there has been a 
mean annual increase in output of about 
34 millions of tons, and a calculation 
made at this rate of increase would give 
250 years as the life of our coal-fields. 
In comparing, however, the above rate 
of increase with that of population and 
manufactures, it will be found that the 
additional coal consumption has not 
nearly kept pace with the increased de- 
mand for the effects of heat, the differ- 
ence being ascribable to the introduction 
of economical processes in the applica- 
tion of fuel. In the case of the production 
of power, the economy effected within the 
last twenty years exceeds 50 per cent., 
and a still greater saving has probably 
been realized in the production of iron 
and steel within the same period, as may 
be gathered from the fact that a ton of 


steel rails can now be produced from the 
ore with an expenditure not exceeding 
50 ewt., of raw coal, whereas a ton of 
iron rails, twenty years ago, involved an 
expenditure exceeding 100 ewt. Accord- 
ing to Dr. Percy, one large works con- 
sumed, in 1859, from five to six tons of 


coal per ton of rails. Statistics are un- 
fortunately wanting to guide us respect- 
ing these important questions. Con- 
sidering the large margin for further 
improvement regarding almost every ap- 
plication of fuel which can be shown 
upon theoretical grounds to exist, it 
seems not unreasonable to conclude that 
the ratio of increase of population and 
of output of manufactured goods will be 
nearly balanced, for many,years to come, 
by the further introduction of economi- 
cal processes, and that our annual pro- 
duction of coal will remain substantially 
the same within that period, which, under 
those circumstances, will probably be a 
period of comparatively cheap coal. The 
above-mentioned speculation leads to the 
further conclusion that our coal supply 
at a workable depth will last for a period 
far exceeding the shorter estimated 





period of 250 years, especially if we take 
into account the probability of fresh 
discoveries, of which we have had recent 
instances, particularly in North Stafford- 
shire, where a large area of coal and 
blackband ironstone is being opened up, 
under the auspices of his Grace the 
Duke of Sutherland, by our member, 
Mr. Homer. Wherever coal-fields are 
found in Great Britain, they exist, 
generally speaking, under favorable cir- 
cumstances. The deposits are for the 
most part met with at reasonable depths, 
the quality of the coal is unsurpassed by 
that of other countries, and although the 
coal and ironstone do not occur together 
in all the iron-producing districts, the 
distance from the coal to the iron is 
small, compared with that met with in 
other countries, and the insular position 
of Great Britain renders water carriage, 
both for internal communication and for 
the purpose of export, more readily avail- 
able than elsewhere. These advantages 
ought to decide the present contest for 
cheapness in supplying the markets of 
the world with iron and steel in favor of 
this country. Coal assumes, in many 
instances, the form of anthracite, and al- 
though the South Wales district contains 
large deposits of this mineral fuel, com- 
paratively little use has been hitherto 
made of it for smelting purposes. When 
raw anthracite is used in the blast fur- 
nace mixed with coke, it has been found 
that the amount so used should be limit- 
ed to from 10 to 15 per cent. or the 
furnace is apt to become choked by an 
accumulation of decrepitated anthracite. 
At Creusot, in France, this difficulty was 
overcome many years ago by crushing 
the anthracite coal, mixing it intimately 
with crushed binding coal, and coking 
the mixture of about equal proportions 
in Appold’s vertical coke ovens. The 
result is a somewhat unsightly, but ex- 
ceedingly hard and efficacious coke. A 
similar method has been followed for 
some time in South Wales, where coke 
is now produced, containing as much as 
60 per cent. of anthracite, bound to- 
gether by 35 per cent. of binding coal, 
and a further admixture of 5 per cent. of 
pitch or bitumen, the whole of the mate- 
rials being broken up and intimately 
mixed in a Cary’s disintegrator prior to 
being coked in the usual manner. Coke 
of this description possesses great power 
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of endurance in the furnace, and is 
worthy the attention of iron smelters. 
In the United States of America, anthra- 
cite plays a most important part, being, 
in fact, the only mineral fuel in the 
Northern States east of the Alleghany 
mountains. Its universal application for 


cesses of compression, desiccation, and 
coking, whereby excellent fuel and pro- 
ducts of distillation have been obtained, 
although the cost of their production 
has hitherto exceeded their market 
value. Crude air-dried peat has, how- 
ever, been rendered applicable for ob- 





blast furnaces, for heating purposes, and | taining high degrees of heat such as are 
for domestic use, imparts to the eastern | required for metallurgical operations by 
cities of the United States a peculiar air| means of the regenerative gas furnace; 
of brightness, owing to the entire ab-|and it is important to observe that the 
sence of smoke, which must impress| calorific value of a ton of air-dried peat 
every visitor most agreeably, and the or lignite, if used in this manner, is equal 
difference of effect produced by the gen-| to that of a ton of good coal if deduction 
eral use of this fuel, as contrasted with |is made in both cases of the percentage 
that of bituminous coal, is most striking-| of moisture and earthy matter. The 
ly revealed in a short day’s journey from | carbonaceous constituents of peat yield, 

hiladelphia, the capital of the anthracite | indeed, a very rich gas suitable for melt- 
region, to Pittsburgh, the center of ap-| ing steel or for re-heating iron, and the 
omg of bituminous coal. In visiting only precaution necessary is to pass the 
ately the deposits of anthracite coal of | gas from the producer over a sufficient 
the Schuylkill district, I was much struck | amount of cooling surface to condense 
with their vastness, and with the manner the aqueous vapor it contains, before its 
and appliances adopted for working the | arrival at the furnace. This precaution 





same. The American anthracite is less|is not necessary, however, in dealing 
decrepitating than ours, but its success-| with some of the older lignites, such as 
ful application to its various purposes is occur abundantly in Austria and Hun- 
the résult chiefly of the judicious manner | gary, and which may be ranked as al- 
in which it is prepared for the market. | most equal in value with real coal, ex- 


The raw anthracite as it comes from the| cept for blast furnace purposes. Fuel 
mine is raised to the top of a wooden | also occurs naturally in the gaseous con- 
erection some 80 ft. or 90 ft. high, in| dition, a fact but too well known to 
descending through which it is subjected | every practical coal miner. Occasionally, 
to a series of operations of crushing, however, it is found separated from the 
washing, sieving, and separating of slaty coal with which it may have been pri- 
admixtures, after which it is delivered | marily associated, and in those cases it 
through separate channels into railway has been made practically available as 
wagons, as large coal, as egg coal, wal-|fuel. At Baku, on the Caspian Sea, 
nut coal, and pea coal, each kind being} natural gas has issued spontaneously 
nicely rounded and uniform in size. The from the ground for centuries past, and 
dust coal, which amounts to nearly one-| the column of perpetual fire thus pro- 
half of the actual quantity raised, is al-| duced has served the purpose of giving 
lowed at present to accumulate near the the Parsees a holy shrine at which to 
mine, but experiments are now being | worship their deity. Inthe district of 
carried out to utilize this also for steam- | Pennsylvania, a more substantial appli- 
boiler purposes. Next in importance to cation has been made of the gas issuing 
mineral fuel, properly speaking, are lig-| from many of the borings, in providing 
nite and peat, of which vast deposits are fuel for working pumping machinery 
met with in most countries. These may and in lighting the district. The quan- 
be looked upon as coal still in course of tity of gas issuing from some of these 
formation, and the chief drawback to| wells may be judged from the fact that 
their use, as compared with that of real one of them, after discharging for three 
coal, consists in the large percentage of | years as much gas as could escape into 
water which they contain, rendering the atmosphere under a pressure esti- 
them inapplicable in their crude condi- mated at not less than 200 lbs. on the 
tion to the attainment of high degrees of square inch, has lately been connected 
heat. These difficulties may be overcome by means of a 5 in. pipe with Pittsburg 
by subjecting the wet material to pro-|—a distance of eighteen miles—where 
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seventy puddling and re-heating fur- 
naces are worked entirely by the fuel so 
supplied. But even this result furnishes 
only an imperfect idea of the calorific 
power represented by this single issue of 
natural gas, inasmuch as the combustion 
is carried on in these furnaces on the 
most wasteful plan, the gas being mixed 
imperfectly with cold air, and converted 
to a large extent into dense masses of 
smoke, An analysis of this gas gives : 


Hydrogen 


Carbonic acid 
Although the use of natural gas is not 
likely to assume very large proportions 
owing to its rare occurrence, its applica- 
tion at Pittsburgh has forcibly reminded 
me of a project I had occasion to put 
forward a good many years ago, namely, 
to erect gas producers at the bottom of 
coal mines, and by the conversion of 
solid into gaseous fuel, to save entirely 
the labor of raising and carrying the 
latter to its destination. The gaseous 
fuel, in ascending from the bottom of 
the mine to the bank, would acquire in 
its ascent, owing to its temperature and 
low specific gravity, an onward pressure 
sufficient to propel it through pipes or 
culverts to a considerable distance, and 
it would be possible in this way to sup- 
ply townships with heating gas, not only 
for use in factories, but, to a great ex- 
tent, for domestic purposes also. In 
1869, a company, in which I took a lead- 
ing interest, was formed at Birmingham, 
under the sanction of the Town Council, 
to supply the town of Birmingham with 
heating gas at the rate of 6d. per 1,000 
cubic feet, but their object was defeated 
by the existing gas companies, who op- 
posed their bill in Parliament, upon the 
ground that it would interfere with 
vested interests. I am still satisfied, 
however, that such a plan could be 
carried out with great advantage to the 
public; and although I am no longer 
specifically interested in the matter, I 
would gladly lend my aid to those who 
might be willing to realize the same. 
Fuel also occurs naturally in the liquid 
state, and if mineral oils could be ob- 
tained in quantities at all comparable 
to those of solid fuel, liquid fuel would 
possess the advantages of great purity 
and high calorific value; but,’considering 





its rare occurrence and comparatively 
high price even in the oil districts of 
Pennsylvania and Canada, its use, as a 
fuel for smelting purposes, need not be 
here considered. According to the gen- 
eral definition of fuel given above, we 
have to include the evaporative effect of 
the sun’s rays, by which sea water is 
raised to elevated mountain levels, 
whence it descends towards the sea, and 
in so doing is capable of imparting 
motion to machinery. This form of fuel, 
which takes the place of the coal other- 
wise expended in raising steam, has been 
resorted to in all countries since the dawn 
of civilization, and it is owing to this 
circumstance that the industries of the 
world were formerly very much scattered 
over the valleysand gorges of mountain- 
ous districts, where the mountain stream 
gave motion to the saw mill or flour mill, 
to the trompe of the iron smelter, and to 
the helve of the iron and steel manufac- 
turer. The introduction of the steam 
engine, towards the end of the last cen- 
tury, changed the industrial aspect of 
the world in causing manufactories to be 
massed together in great centers, and 
this tendency has been still further aug- 
mented in consequence of the construc- 
tion of canals and railways, which enable 
us to bring together the raw material, 
and to disperse the manufactured pro- 
duct at a comparatively low cost. It is 
not unreasonable, however, to expect 
that a certain reaction in this process of 
centralisation will gradually take place, 
because, in consequence of ever-increas- 
ing competition, the advantage of utilis- 
ing natural forces, which we could afford 
to neglect during a period of general 
prosperity, becomes again an essential 
element in determining the very lowest 
price at which our produce may be sent 
into the market. The advantage of 
utilising water-power applies, however, 
chiefly to continental countries, with 
large elevated plateaus, such as Sweden 
and the United States of North America, 
and it is interesting to contemplate the 
magnitude of power which is now for 
the most part lost, but which may be, 
sooner or later, called into requisition. 
Take the Falls of Niagara as a familiar 
example. The amount of water passing 
over this fall has been estimated at 100 
millions of tons per hour, and its perpen- 
dicular descent may be taken at 150 feet, 
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without counting the rapids, which rep- 
resent a further fall of 150 feet, making 
a total of 300 feet between lake and 
lake. But the force represented by the 
principal fall alone amounts to 16,800,000 
horse-power, an amount which, if it had 
to be produced by steam, would necessi- 
tate an expenditure of not less than 
266,000,000 tons of coal per annum, tak- 
ing the consumption of coal at four 
pounds per horse power per hour. In 
other words, all the coal raised through- 
out the world would barely suffice to 
produce the amount of power that con- 
tinually runs to waste at this one great 
fall. It would not be difficult, indeed, 
to realise a large proportion of the power 
so wasted, by means of turbines and 
water-wheels erected on the shores of 
the deep river below the falls, supplying 
them from canals cut along the edges. 
But it would be impossible to utilise the 
power on the spot, the district being 
devoid of mineral wealth, or other natu- 
ral inducements for the establishment of 
factories. In order practically to render 
available the force of falling water at 
this, and the thousands of other places 
under analogous conditions, we must 
devise a practical means of carrying the 
power to a distance. Sir William Arm- 
strong has taught us how to carry and 
utilise water power at a distance, if con- 
veyed through high-pressure mains, and 
at Schaffhausen, in Switzerland, as well 
as at some other places on the Continent, 
it is conveyed by means of quick-work- 
ing steel ropes passing over large pulleys. 
By these means, power may be carried 
to a distance of one or two miles without 
difficulty. Time will probably reveal to 
us effectual means of carrying power to 
eat distances, but I cannot refrain 
rom alluding to one which is, in my 





opinion, worthy of consideration, namely, 
the electrical conductor. Suppose water- 
power to be employed to give motion to 
a dynamo-electrical machine, a very 

owerful electrical current is the result. 

his may be carried to a great distance, 
through a large metallic conductor, and 
there be made to impart motion to elec- 
tro-magnetic engines to ignite the carbon 
points of electric lamps, or to effect the 
separation of metals from their combina- 
tions. A copper rod of three inches in 
diameter would be capable of transmit- 
ting 1,000 horse power a distance of, 
say, thirty miles, an amount sufficient to 
supply one quarter of a million candle- 
power, which would suffice to illuminate 
a moderately sized town. The use of 
electrical power has sometimes been 
suggested as a substitute for steam 
power; but it should be borne in mind 
that so long as the electric power 
depends upon a galvanic battery it must 
be much more costly than steam power, 
inasmuch as the combustible consumed 
in the battery is zinc, a substance neces- 
sarily much more expensive than coal. 
But this question assumes a totally dif- 
ferent aspect if in the production of the 
electric current a natural force is used, 
which could not otherwise be rendered 
available. The force of the wind is 
another source of natural power, repre- 
senting fuel according to the general 
definition above given, which, though 
large in its aggregate amount, is seldom 
used, owing to its proverbial uncertainty. 
On this account we may dismiss it from 
serious consideration until our stores of 
mineral wealth are well nigh exhausted, 
by which time our descendants may have 
discovered means of collecting, storing, 
and utilising such a power in a manner 
entirely beyond our present conceptions. 





STRENGTH OF IRON AND STEEL CONSTRUCTIONS—WITH 
CALCULATION OF DIMENSIONS.* I. 


Translated from the German of ‘* Weyrauch.” 


Untit within a short time the dimen- 
sions in steel and iron constructions were 
determined in the following way: The 
maximum strain, B, to which a member 
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of a structure could be subjected, was 
found, and then divided by the permissi- 
ble strain on the surface unit 


(1) Fo5%. B 
which gave the area in superficial units 
of the section required for the member. 
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The same value was always given to },\century by Perronet, Poleni, Telford, 
both in case of static and live strains. Brunel, and many others. Many of these 
In Prussia, for example, it was generally |experiments were very carefully made, 
assumed that for iron, 5=730 kil. per sq. | and are not worthless; but they were all 
em.; and this served for tension, com-|based upon a partial view. It was 
pression, and shearing. thought that a body once subjected to a 

Gerber made a new departure in the certain strain, and withstanding it, must 








case of the Mayence bridge. A different! be able to endure the same strain, no 
6 was taken for each member, varying 
inversely as the ratio of the strain due 


matter how often repeated. 


Proof was made by gradually increas- 


to total load to that due to weight of ing load of the single pull, pressure or 


bridge. 

Again, if a bar were subject to alter- 
nate tension and compression, the same 
formula was employed; max. B, in- 
dicating the greatest absolute value of B. 
The Americans were wiser, for they used 
the formula 


Fam. B+ macs. B’ | 


b 
in which maz. B’ is the greatest strain | 
in the sense opposite to that of B. 

Numerous breakages of axles, boiler 
explosions, and failures of bridges, re- 
peatedly called attention to the causes 
of these phenomena. Safety co-efficients 
were always introduced, which seemed to 
preclude all danger. Still the question, 
whether our iron bridges in general will 
live out their assigned terms, forced it- 
self into notice. Experience can give no 
answer, for the use of iron in bridge- 
building dates back hardly a century. 
In 1874, the Union of German Architects | 
and Engineers determined to seek a solu- | 
tion, by systematic observations. These 
observations are of the greatest import- | 
ance; but, of course, no decisive result | 
can be reached within a few years. | 
Meanwhile, it is well to consider the re- 
sults already obtained. To the question, 
whether the common method of deter- 
mining dimensions will stand the test of 
unprejudiced criticism, we shall find a 
negative answer. This settled, and the 
method consigned to the limbo of past 
errors, we shall consider the best guides | 
to further investigation, as suggested by 
the results of theory and _ practice 
brought down to date. “In order to see 
aright, one must know where to look,” as 
Schelling says. 


WOHLER’S LAW. 


The experiments upon which the 
methods hitherto employed depended 
have been made during the course of a. 


| eliminated. 





shear, just sufficient to break a bar of 
square unit section; and the number, ¢, 
so obtained, was regarded as the corre- 
sponding strength of the material. This 
t is called the ultimate strength; and we 
know that any strain, whether constant 
or gradually increasing, but always less 
than ¢, will not rupture the material by 
a single application. 

That violent and frequent shocks are 
especially unfavorable in their effects 
has always been known; but, in 1858, A. 
Wohler showed that besides this, as a 
basis of trustworthy calculation, experi- 
ments concerning resistance to often re- 
peated strains must be made. Fairbairn 
immediately made trial of a_ riveted 
girder; first loading it with } ¢, then with 
4¢. It stood 1,000,000 strains with }7, 
and broke with 313,000 more strains 
with $¢. But general conclusions can- 
not be drawn from these results; for the 
apparatus was so contrived that the ef- 
fects due to load, and those due to other 
disturbing causes, could not be dis- 
tinguished. 

In the years 1859 and 1870, Wohler 
made very exact and comprehensive ex- 
periments on iron and steel. The test- 
bars were made specially for the pur- 
pose, and all disturbing influences were 
It was found, as was ex- 
pected, that while a certain strain ¢, once 
applied may rupture the material, a less 
strain, often repeated, will induce rup- 
ture. Here was a new point of observa- 
tion reached. It was obvious that the 
change in the grouping of molecules, 
caused by the changing strain, affected 


'the resistance of the material unfavora- 


bly. Hence ease of rupture’ must be 
directly proportional to the increase of 


‘difference in strains; since there was a 


corresponding increase in the changes of 
positions of the molecules. Wohler was 
therefore able to state a general principle, 
which may be expressed as follows: 
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Rupture is caused not only by a dead 
load exceeding the ultimate strength, but 
also by often repeated strains, no one of 
which is as high as the ultimate strength. 
The differences of strains are therefore 
effective cause of destruction of cohesion 
én the degree that the minimum strain 
sufficient for rupture diminishes as these 
differences increase. 

If the material is ruptured by the 
strain ¢ once applied, strains less than ¢ 
may cause breaking by repeated applica- 
tion; and the less the strain, the greater 
the number required for destruction, and 
conversely. a it is important in the 
determination of the degree of security 
to consider whether a structure is to re- 
main in use for a limited time, as in the 
case of rails, axles, &c.; or is to stand 
for an indefinite period, as in the case of 
bridges, buildings, &c. 

Wohler’s experiments include tension, 
compression and torsion. Resistance to 


torsion is regarded as a kind of shearing 
resistance, and it is assumed that the 
shearing forces do not lie in a plane. 
Though the results of repeated compres- 
sion were not found, it is to be inferred 
that they would be analogous with those 


obtained for tension. Not so, when com- 
pression and tension alternate. Here a 
single case was investigated, viz.: when 
the strains in both directions are equal; 
other cases are not yet filled out. 

When Wobhler left public office (1870), 
he asked the Prussian Minister of Trade 
and Commerce to have his experiments 
continued, and, upon the nomination of 
Reuleaux, Prof. Spangenberg was ecom- 
missioned to the work. His experiments 
during a period of three years (Wohler’s 
lasted twelve), are quite limited; but 
Wohler’s law is fully confirmed by them. 
Spangenberg has given his attention to 
other metals; and, especially to the con- 
ditions of the surfaces of fracture under 
different kinds of strain; attempting to 
explain them by a hypothesis concerning 
the molecular constitution of metals. 


| most important structures. 





Further investigation in this direction | 
would beof import to theory and prac-| 
tice, since there has hitherto been a total | 
want of any general principles to de- 


termine judgment upon questions con- | 
cerning the properties of resistance. 
/upon which Wohler made his experi- 


REMARKS UPON WOHLER’S LAW. 


form, is doubtless correct; and it may 
be regarded as already established by 
experience, since we have often made 
unconscious use of it. If one wishes to 
break a rod with his hands, and a single 
effort is not sufficient, he lets it go, and 
gives another pull; and if this does not 
avail, he succeeds, perhaps, by bending 
it back and forth. The force of the arm 
is not greater in the last case; indeed, 
he does not need to use as much force. 
So it was known long ago that when 
there are repeated stresses in opposite 
directions, so that the differences of 
stress are the greatest, the force neces- 
sary for rupture is less than in case of 
stresses in a determined direction, or for 
a single stress. 

It is surprising that for so long a time 
regard has not been given to the number 
and the kinds of strains that occur in the 
Yet it is not 
to be forgotten that the methods of 
Gerber and the American engineers, men- 
tioned above, were prompted by a cor- 
rect feeling. Had more attention been 
given to them, it is possible that a course 
of experiments for years would not still 
be necessary to give a general but pro- 
visional expression to a law continually 
applied by every layman. 

There is still room enough for the pre- 
cise determination of Wohler’s law in its 
theoretic and practical aspects. In his 
experiments the stresses followed one 
another in rapid succession; but they re- 
quire a certain duration of time to attain 
their full intensity; unless the effect of 
shocks proper is under consideration. 
What effect have the rapidity of succes- 
sion, the degree of increase, and the 
duration of stress? The influence of the 
two latter upon ¢ is not yet determined. 

It is not necessary to adopt Wohler’s 
opinion that the different kinds of resist- 
ing strength of iron and steel can be 
obtained from one of the metals. It is 
enough to know that for stresses of de- 
terminate kind and determinate position 
of the plane of forces Wohler’s law 
holds true. 

Again, the general expression of the 
law and the results of experiment are to 
be considered separately. Of course, the 
figures fit exactly on those kinds of metal 


ments. But there has hitherto been no 


Wohler’s law, as given above in general | hesitation in ascribing to material em- 
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ployed a resisting strength determined 
upon other kinds of material, although, 
even within the range of fixed kinds, 
é. g., rolled iron and plate iron, differences 
in resistance to single stationary load, 


amounting to 30,40 and 50 per cent. are | 


common. A little while ago, had any 
one ventured objection, the answer 
would have been, that there were co-effi- 
cients of safety. But these are still em- 
ployed. 


hough there are some effects to be | 


determined and a very great number of 
data is desirable; still we have definitely, 
in Wohler’s law, and provisionally in his 
tables, the best starting point for a ra- 
tional determination of the dimensions 
of steel and iron members. The differ- 
ence between the new and old methods 
is that while the former is of necessity 
not absolutely exact, the latter is in any 
event false. 
LAUNHARDT’S FORMULA. 

Suppose a rod of square-inch section 
strained but once by the ultimate load ¢; 
it will break. Make the stress a little 
less than ¢, then by Wohler’s law, a cer- 
tain number of repetitions are necessary 
to produce rupture. Let the stress de- 


crease, then the number of repetitions | 
| member, 


required increases. A number must be 
reached at which the rod is safe as 
against any number of stresses to which 
it is actually subjected. Let the stress, 
for the case in which the rod returns to 
a perfectly strainless condition, be de- 


| By Wohler’s law, @ decreases as d in- 
creases. The limiting values of « are by 
(2), and the definitions of « and ¢ 
a=d=u, 

a=c=1t. 


for c=o, 
for d=0, 
Ultimate strength and original strength 


are special cases of working strength. 
As a is a function of d we can assume 


(3) 
in which a is an unknown quantity. But 
we know that 
for d=o0, 
for d=u, 
To these conditions corresponds the 
value chosen for a, by Launhardt. 
t—u 
és 
t—a 
which remains to be tested for interme- 
diate values by the results of experi- 
ments. 


| From (2) 


a=ad 


since a=t, a= m, 
since a=d, a=1. 





_ t=, t-—% 
- tae t—a 

t—u ‘) 
“ual 


a 


(a—e). 
(4) 


Denoting by B, the stress upon a 


aa a=u(1 aa 


| e min. B 
a max. B’ 
t—u min. B 


oS "max. B 


) @ 


This is Launhardt’s formula, and is 


| hence a=u ( 


noted by uw; and let it receive the name | , ) i 
given by Launhardt, original strength applicable whenever a piece is always 
(Ursprungsfestigkeit). This isinversely | under the same kind of stress, whether 
as the number of stresses to be borne; Of tension or compression. The value of 
so that for a rail which is to be changed | « for compression is not yet determined, 


for another in time, it is greater than for 
a member of a bridge which is to be per- 
manent. We shall consider only the lat- 
ter case, but the general formula will 
hold for all others; and wu will vary be- 
tween this value and the value ¢ of ulti- 
mate strength. It follows from the defi- 
nition that the difference of stress d=u 
—0=u. 

Generally the rod does not return to a 


perfectly strainless condition, but there | 


remains a minimum strain c. The stress, 


which in this more general case, causes | 


fracture, Launhardt calls working resist- 
ance (Arbeitsfestigkeit), and indicates 
by a. The difference of stress is d=a— 
ec, and a=c+d (2). 


and the same values of ¢ and w will be 
used both for tension and compression; 
this is justified by certain observations, 
and was used in respect to ¢ in previous 
methods of calculation. 

We shall, therefore, include the terms 
tensile, compressive, and _ shearing 
strength in one, and regard the working 
resistance as equivalent to the special 
stress under consideration. 

It is yet to be determined whether 
Launhardt’s choice of co-efficient « holds 
for intermediate conditions. 


From (4) a=S+4/(“) +c¢—u, 


the positive sign being taken, because a 











446 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





is positive and greater than w. The 
value of ¢ as well as of w may vary with 
the kind of stress and material; and a 
varies for a fixed value of ¢; hence all 
results should be obtained from experi- 
ments of the same kind, and with like 
material. The best results for compari- 
son are, without doubt, those which 
Wohler obtained with Krupp’s spring 
cast-steel not hardened; and Launhardt’s 
formula receives confirmation from the 
fact that it corresponds exactly with 
these results. Wohler found for this 
steel, in bending tests ¢=1,100 centner, 
w=500 centner per square inch, hence 
the working resistance per square inch, 


This equation gives the values in the 
third line below; Wohler’s results appear 
in the second. 


For e¢ 


0 250 400 600 


a, by experiment, = 
500 700 
a, by Launhardt, = 
500 «711 800 900 1,100 
By former hypothesis, only the stress 
of 1,100 would have made rupture possi- 
ble; while we see in the table that all 
stresses, down to 500, were sufficient to 
cause rupture. 
FORMULAS FOR ALTERNATING TENSION 
AND COMPRESSION, 
It often happens that the same mem- 


1,100 


800 900 ~=§ 1,100 


ber is subjected to alternate compression | 


and tension. Since Launhardt’s formula 
cannot be applied, another will be ob- 
tained by like reasoning, dependent 
upon Wohler’s Law. Wobhler has in- 
vestigated the important case in which 
the stresses in both directions are the 
same, calling the resistance (s) vibration- 
resistance. If the strain in one direction 
is zero, then the resistance is denoted by 
u, the original resistance. Two limiting 
cases are given. 

Let a rod of square-unit section be 
subject to alternate tension and compres- 
sion. To each value of a of the greater 
of these stresses corresponds a certain 
value a’ of the smaller in this respect; 


that for the greatest number of vibra-| 


tions between + @ and = a’ the ma- 
terial remains sound. The difference in 
stress d=a+a’, therefore 


a=d—a' (6) 
According to Wohler’s law, @ varies 
inversely as d. Assume 


a=ad. 


| But, for a’=o0, 
for a’=s, 

Hence from (7), 
for a=u, 
for a=s, 


(7) 
a=u=d, 
a=s =3d. 


| = 
| a= 1, 

a=3, 

These conditions give the co-efficient 

u—e 
2u—s—da. 
Hence from (6) 
u—s 

2u—s—a 





Uu—s 
2u—s— 


uUu—s “) 





a (a+a’) 


U 


“a 


(8) 


Now, if for a given member in a struc- 
ture, max. B is the greatest stress exert- 
ed, whether of compression or tension, 
and max. B’ the greatest in the opposite 
sense, we have, 

a’ max. B’ 


a” max. B 


| 
‘and hence a=u (1 — 


“— max. aN (II) 


“max. B 


oo Caw (1- 


and the value of « denotes the working 
strength. 

The original resistance and the work- 
‘ing resistance in the direction of the 
| greatest absolute stress, max. B, are de- 
|noted by and a. As u for compression 
is not -vet known, the value for tension 
‘may be provisionally employed, being 
| somewhat too small. 

In some constructions the oscillations 
between @ and a’ begin with a stress 
equal to zero; in others, with a stress 
equal to c, mostly caused by the dead 
weight. The operation of a complete 
forward and back vibration must be the 
same, and cannot be essentially changed 
by the longer action of c, which lies far 
| within the limits of elasticity. 

Formulas (I) and (II) serve not only 
for stresses by tension and compression, 
but also for all other kinds, if the values 
|of ¢, « and s are known. 

If ® denotes the ratio of thé limiting 
stresses, the least to the greatest, on a 
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member of a structure, our formulas 
read 
For stress in a determined direction: 


—“o) (I a.) 


u 
For stress in the opposite direction, 


a=u(1 = o) (II a.) 


ULTIMATE STRENGTH FOR TENSION AND 
COMPRESSION. 

The old experiments with wrought- 
iron give more uniform and_ higher 
figures for ultimate strength than the 
later. Navier gives the results of seven 
experiments in France, England and 
Italy; the mean, per square centimeter, 
being 3,940, 4,220, 4,290, 4,450, 4,610, 
4,680, 5,010 kil. 

Under conditions otherwise equal ulti- 
mate strength is dependent on the work- 
ing of the metal. Kirkaldy found for 
round and square iron, as a mean of 
many trials, 4,050 (variations from 
3,780 to 4,330); Wohler, for Borsig and 
Komgshiitte round iron 4,110 (from 
3,730 to 4,530); Knutt Styffe, soft pud- 
dled iron, 3,400 for round iron and 3,460 
for square iron. 

From seventeen trials of English 
rolled iron at three shops, Styffe obtained 
3,910, (from 2,940 to 5,100); from six- 
teen with Swedish rolled iron, at four 
shops, 3,760 (from 3,170 to 4,900). 
Bauschinger obtained for Wasseralfingen 
rolled iron, 3,890 (from 3,750 to 4,140); 
for angle-iron at the Lothring works of 
six by six and seven by seven centimeter, 
3,195. Kirkaldy’s mean for angle-iron 
(many experiments) was 3,850 (from 
2,910 to 4,310). 

For Borsig rivet-iron, Wohler found 
from two trials 5,120; for English 
Homogeneous iron, three trials, 4,280. 
A piece from the head of an English 
rail gave to Styffe as average of three 
tests 3,380; another piece from the web, 
with two trials, 3,090; and a piece from 
Low Moor tire-iron 3,760. Bauschinger 
got for gas pipe perpendicular to direc- 
tion of rolling, 1,400—1,500. 

Styffe puts the strength of soft iron 
for tension at 3,380; Gerber and many 
others assign 3,500 for bridge construc- 
tion; Reuleaux assigns 4,000; Von 
Kaven deduces from Kirkaldy’s experi- 
ments for wrought-iron the average 


a=(1 + 





value, 4,200. For good iron, suitable 
for bridges, the ultimate tensfon must 
lie between 3,500 and 4,000. 

Rolled figured-iron generally has little 
proof-strength and little tenacity; its 
use should be avoided as much as possi- 
ble. 

For iron wire suitable for bridge con- 
struction, Navier deduced from the ex- 
periments of Buffon, Telford and Seguin 
the averages 6,000, 6,360, 6,000; Mosely 
considered 6,580 as permissible, Reuleaux 
7,000, Von Kaven (from Kirkaldy’s re- 
sults) 6,700; Laissle and Schiibler, 5,000 
to 8,000: 6,000 may be taken as a mean; 
but tests are always in order. The ulti- 
mate resistance to tension in plate-iron 
is generally less than for other sorts, and 
there is often a marked difference depend- 
ing on the direction of stress. The value 
is generally greater for longitudinal than 
for transverse stress. Like relations ap- 
pear in the kinds of iron used in bridges; 
but as the stress is generally only longi- 
tudinal, the matter is of less interest. 

Kirkaldy obtained from a great num- 
ber of plates, lengthwise, 3,570 (from 
3,210 to 3,870), and transversely, 3,250 
(from 2,920 to 3,550). On the other 
hand, Fairbairn, from four kinds of 
boiler iron, found 3,540 lengthwise (from 
3,080 to 4,060); 3,620 across (from 2,940 
to 4,330). From several boiler plates, 
Bauschinger obtained from twelve ex- 
periments, longitudinally, 2,820 (from 
2,600 to 3,270); transversely, 2,730 
(from 2,350 to 3,180). Boiler plate from 
the exploded locomotive “Fugger,” 
gave in undamaged places, lengthwise, 
3,040; across, 2,880. Stevens, in Ameri- 
ca, with the best Low Moor boiler plate, 
obtained, as a mean of five trials, length- 
wise, 4,140 (from 3,890 to 4,500); and 
with cistern plate, a mean of six tests, 
2,900 (from 2,320 to 3,670). Bauschin- 
ger obtained from a piece of decided 
fibrous texture, 2,910 along the length, 
1,910 across. In tests of Goin & Co., 
Paris, the longitudinal strength was 
greater than the transverse; but for 
charcoal-iron in section only ;;, and for 
coke-iron 4. 

From Kirkaldy’s experiments, Von 
Kaven obtains a mean of 3,800 for plate- 
iron. The English Admiralty requires 
for first quality 3,460 longitudinal, 2,830 
transverse; for second quality, 3,150 
and 2,680 respectively, warm and cold 
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bending tests being required. Without 
special experiment the stresses should 
not exceed 3,000.longitudinal and 2,700 
transverse. The ratio ;%, transverse to 
longitudinal, agrees well with Kirkaldy’s 
mean and with the tests of Edwin Clark. 

In the case of steel, the ultimate tensile 
strength depends pe anf upon the quan- 
tity of carbon and other ingredients; we 
shall return to this in another place. As 
the quantity of carbon is not always 
known, general results only can be given. 
Kirkaldy obtained as a mean of nine dif- 
ferent kinds, 6,770, from 4,930 for pud- 
dled steel up to 9,340 for cast-steel. 
Sheffield Bessemer gave 7,840. Wohler 
found for cast-axle-steel from Krupp, 
Borsig, Vickers and Bochum, an average 
of 6,250, with eleven tests; from 4,020, 
for Vickers, to 7,670 for Krupp. Again, 
for heads of Krupp cast-steel rails, 7,380; 
for Frith tool steel, 8,400. In the case 
of hammered Bessemer round steel of 
from 0.86 to 1.35 per cent. carbon, Styffe 
found a mean of 7,730 (from 6,880 to 
8,970), with eight tests; again, from 
rolled Bessemer steel, square and round, 
of 0.38 to 1.39 per cent. carbon, a mean 
of 6,480 (4,550 to 9,840), with nine tests; 
and for rolled Swedish round cast-steel 
of from 0.69 to 1.22 per cent. carbon, a 
mean of 8,910 (7,280 to 10,170), with 
four tests. We may assume for puddled 
steel 5,000; for good medium hard Bes- 
semer steel, 5,500, to 6,500; for very 
good and hard cast-steel 8,000, The 
last value is given by Reuleaux, Laissle, 
Schubler, and others. 

For Styrian cast steel plate (Bessemer) 
Bauschinger found as the mean of two 
tests 5,025 longitudinal and 5,180 trans- 
verse, Wohler, in five tests on Krupp’s 
cast-plate-steel, found an average of 
5,390 long. (from 4,900 to 5,770) and for 
that of Borsig 5,040 in one test. Tresca 
obtained 5,400 and 5,760 long. in two 
kinds of plate cast-steel; Stevens, with 
six tests on best English Bessemer steel 
5,880 (5,240 to 6,090). For plate steel, 
longitudinal and transverse, 5,000 may 
be assured. 

For the ultimate resistance to compres- 
sion we have no experiments. It is hard 
to define it in a way practically sufficient. 
Bauschinger, in experiments on steel, 
found that a complete destruction of the 
material was hardly to be accomplished 
by compression, and he was of opinion 





with Rondelet, that metal yields sooner 
by bending than by crushing whenever 
the depth is more than three times the 
least transverse dimension. Rondelet, 
and after him Navier, put ultimate 
strength for compression at 4,950, Mose- 
ley at 6,580; and Bauschinger found the 
resistance of Bessemer steel considerably 
— for compression than for tension. 

ough in Wohler’s and Spangenberg’s 
experiments the fracture always first oc- 
curred on the tension side, it does not 
necessarily follow that the metal yields to 
one strain more than to the other; and 
it is safe to assume an equality of work- 
ing-resistance for tension and compres- 


sion. But it is assumed that crippling of 
the compressed parts is not to be feared. 
Fairbairn, in several tests with compound 
plate-beams, observed that the fracture 
began in the upper flange; since that 
time care has been taken to stiffen as re- 
quired, and to provide a rigid flange. 


EXCESS OF ELASTIC LIMIT, 


The limit of elasticity is generally de- 
fined as that stress per square unit be-° 
yond which permanent changes of form 
occur, while under less stresses the body 
returns to its former condition. Refer- 
ence is made, not to sudden changes in 
stress and shocks, but to gradually in- 
creasing strains. But the definition is 
theoretically worthless, for a limit so 
definite is not probable, and much less 
is it proven. On the contrary, Hodgkin- 
son and Clark have observed that there 
are permanent changes of form under 
very small loads. At present we must 
be content with defining this limit with 
Fairbairn, as that stress below which the 
changes in form are approximately pro- 
portional to the forces, while above this 
they increase much more rapidly. The 
words “approximately” and “much” 
are not so indeterminate as might be 
supposed, for, in the experiments of 
Bauschinger, the passage beyond the 
limit of elasticity could be determined 
very precisely; as for example in tension; 
“for with the same increase of load a 
disproportionately great elongation oc- 
curred at once, the maximum of which 
was in every case reached after some 
time,” This sudden elongation must be 
credited to permanent changes of form; 
elastic elongations until near the break- 
ing limit remain proportional to the 
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stresses, and the modulus of elasticity is | 
always found to be independent of the! 
latter. 


In the first definition the changes of | 


form which are permanent from Baus- 


chinger’s point of view are neglected. | 


All experiments, up to the present time, | 
have shown that when the elastic limit 


is passed, the tensile resistance is con- | 


siderably increased, while ductility and 
tenacity diminish; the metal becoming 
brittle, and having little power of resist- 
ance to shock. In experiments at the) 
Woolwich Arsenal, an iron rod, four 


times ruptured by pull, gave the succes- 4 


sive values of ¢; 3,520, 3,803, 3,978, 
4,186; Bauschinger tore apart a piece of | 
iron seven times, and the resistance in- 
creased from 3,200 to 4,400. 

Paget found that iron chains after | 
stretching bore a greater dead weight, 
but had less resistance to shock. Fair-| 
bairn thought all these phenomena could | 
be explained by the hypothesis that the 


| tion must occur at some time, unless we 

}assume that with very gradual increase 
|of stresses and longer intervals, the 
original resistance becomes greater than 
| the initial ultimate strength. 

Now, if passage beyond the elastic 
limit can work unfavorably, it should 
not be permitted. But it is enough to 
know that, according to the numerous 
experiments of Styffe and others upon all 
| sorts of iron and steel, the ratio of elastic 
limit to ultimate strength generally lies 
between ;1; and ;1,, and under the most 
unfavorable circumstances seldom reaches 


Wertheim and Styffe have attempted 
to establish more precise definitions of 
'the elastic limit, but as they are not 
better, either theoretically or practic: lly, 
than others, it would be superfluous to 
consider them. It is since the time of 
Hodgkinson and Clark that an empirical 
importance has attached to this limit; 
and it is still very narrow in its scope, 


resistance of all the parts was not at first because the limit, as above defined, is of 
called into action, but, like ropes, they no avail in case of sudden change of 
became gradually strained in common strain and of repeated stresses. 

under sufficient load. With this accords) Vicat made experiments to determine 
the fact that Bauschinger observed that | the effect of lapse of time upon a dead 
load. He kept wires loaded up to three- 


increase of resistance, especially in rolled 
iron, was notably regular when the stress |fourths the tensile resistance, during 


was in the direction of the fibers. The ‘thirty-three months. _The one with 
analogy holds further; for a rope, when | heaviest load broke. Vicat inferred from 
tense, is more easily broken by shock. ‘this, and because the extension seemed 
And this explains why a rod under sud- to be proportional to the time, that every 
den increase of stress breaks more readi-|load beyond the elastic limit would, 
ly than in case of gradually increasing | after lapse of time, cause rupture. Con- 
tension. ‘sidering that very small loads cause per- 
When the limit of elasticity is passed, | manent. changes in form, it would be 
this limit is again raised. Tresca, in| more correct “to infer that any load, if 
tests of rails, succeeded in pushing the} given time enough, will cause rupture. 
limit of elasticity to near the limit of | Fairbairn thought he could prove this 
rupture, the modulus diminishing by | by tests on cast-iron girders. But we do 
about one-tenth. ‘not find that the results of his experi- 
The practice hitherto has been to as-| ments warrant his conclusion. But the 
sume as permissible stress (+) a fraction fact that under stress beyond the elastic 
of the elastic limit. In this case d in-|limit the ultimate strength increases, 
creases with the number of loads. But|leads to the conclusion that security 
the material becomes more brittle, and | against dead-load increases with time. 
less resistant to shock, and local passa-| But if it is objected that a decrease may 
ges beyond elastic limits are not ex-| follow an increase of ultimate strength, 
cluded. So that we need not assent to/|it must be admitted, in view of all that 
the often-advocated opinion that a test has been said, that the influence of dura- 
of material beyond the elastic limit tion of dead- "load has not been clearly 
would be of advantage. It is worth | determined. That each load requires a 
mention that the increase of resistance | certain time to cause its correspondent 
with the passage beyond each limit can-| permanent change has been known since 
not go on indefinitely; but a diminu-!the time of Hodgkinson and Wertheim, 
VoL. XVIL—No. 5—29 
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and also accords with Fairbairn’s com- 
arison with ropes; and, again, it has 
wn observed by Bauschinger. This 
also holds true for further changes in 
form; and if a rod stretched again when 
released does not at once return to its 
pevious condition, a so-called secondary 
action takes place. This was observed 
in Kupffer’s experiments. Thurston 
thinks that in this he has discovered a 
new phenomenon; that ultimate strength 
and elastic limit increase after a strain 
greater than the latter, continued for 
twenty-four hours. But there is nothing 
new in it. That the tensile resistance of 
iron and steel is greater under the action 
of an electric current, and that the duc- 
tility is effected now one way, now 
another, by dipping the metal in acid, 
seem to be shown by detached experi- 
ments, but this needs conformation. 


HEATING. 


MECHANICAL TREATMENT. 
HARDENING. 


Elastic limit and ultimate strength are 
both increased when the limit of elasti- 
city is exceeded; ductility and tenacity 
diminish. Since under rolling, hammer- 
ing, and pulling the elastic limit in the 


affected places is certainly passed, and 
permanent changes in form take place, 
the necessary effect of such mechanical 
treatment is obvious. 

Heating and slow cooling has an effect 
exactly opposite to that caused by pass- 
ing the elastic limit, for the metal be- 
comes more ductile and loses in ultimate 
strength. According to Tunner, the brit- 
tleness produced by mechanical treatment 
gradually decreases if the body is al- 
lowed to remain at rest. A wire which 
broke when bent to an obtuse angle, just 
after leaving the plate, increased in pli- 
ability within a few days, and continued 
to do so during some weeks. 

That cold-rolling considerably raises 
the ultimate strength was clearly shown 
by Kirkaldy’s experiments, ¢ nearly 
doubling in value, passing from 3,220 to 
6,260, while annealing reduced it to 
3,580. Styffe had an iron rod, which 
had been previously annealed, hammered 
cold to half its original section; the 
strength was raised from 3,140 to 5,830. 
According to Kick, cold-rolled iron, 
often treated, is much more brittle than 
the common sort. It has been often ob- 
served that the ultimate resistance of 











cold-rolled metal is diminished by re- 
moval of the skin, the effect of rolling 
being materially greater at the surface. 
These phenomena and many others, hav- 
ing no apparent relation to one another, 
are all explained upon the hypothesis 
mentioned. 

If the mechanical treatment is with 
heat, both influences operate, viz: pas- 
sage beyond the elastic limit and heat- 
ing. These must counteract, entirely or 
partially, and the metal may gain in 
strength, the tenacity remaining constant 
or increasing. In England the working 
of the metal is often repeated. 

A body once annealed is further 
changed only by higher heat, unless, 
meanwhile, it has received some treat- 
ment with opposite effect. It follows, 
that the effect of annealing must be 
greater in the degree that the tempera- 
ture is higher than that under the previ- 
ous mechanical treatment. This was ob- 
served by Styffe. 

Hardening produces upon steel and 
wrought iron an effect like that due to 
passing the elastic limit; with this quali- 
fication, that in the case of steel, not 
only ultimate strength and elastic limit, 
but also brittleness are notably increased. 
Hardened metal is not suitable for many 
purposes, because of its slight power of 
resistance to shocks. The process of 
hardening consists in plunging the red 
hot metal into some fluid, oil or water, 
which suddenly cools it. Brittleness may 
be somewhat reduced by gradual heat- 
ing, and may be destroyed by annealing, 
together with all other qualities due to 
hardening. The effect of hardening is 
much greater upon steel than on iron ; 
and in either case depends upon the 
chemical constitution and other condi- 
tions. 

Tresca, by hardening, raised the ulti- 
mate strength of two kinds of plate steel 
from 5,400 to 8,784, and from 5,764 to 
8,880. Wohler cut several bars from a 
hardened cast-steel axle and found that 
the strength of one was 9,209, while that 
of the other, which had been annealed, 
was 7,455. Numerous tests of the effects 
of hardening have been published by 
Kirkaldy; with which those obtained by 
Styffe agree in the main. It is shown 
by experiments made by Wohler, Heu- 
sinnger, Waldegg and others that metal 
contracts a little when hardened; Woh- 
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ler finding that the contraction of a steel- | 
rod of 33 mm. section was about 1 mm. 
to a meter in length. 

With respect to the strength of welds 


a must come under consideration. 
xperiments by Fietze have proven that 
the notches at the base of rails, which 
are intended to prevent their sliding 
we have the results of Kirkaldy’s experi-| along the track, are much more prejudi- 

cial than the ordinary theory supposes. 


ments. The decrease of ultimate tensile 
strength varied between 2, 6, and 43.8) And grooved axles, subjected to torsion, 
per cent.; while ductility was diminished, | exhibit a like loss of resistance. 
especially that of steel. According to| It is remarkable that a rod will bear a 
Nasmyth, the strength of welds depends _greater dead pull than if the whole rod 
mainly upon the thorough elimination of | had the smaller diameter or were grooved 
the fiux employed to hinder oxydation. (through a greater length. The contrary 
A diminution of strength occurs in| was to be expected. Vickers found that 
cutting screws, amounting, according to|a rod with a very short groove bore 
oe to from seven to thirty per) 12,500 kil. per sq. cr.; while one turned 
cent. The cause may be that the hard down a length of 35 cm. bore only 9,440. 
surface of the rod is removed by cutting; In Kirkaldy’s experiments with rolled 
it may sometimes be due to the checks |iron, very short-grooved rods, of about 


made by sharp dies. This, as well as 
the hardening caused by the greater 


force applied, explains why screws cut) 


by Kirkaldy with blunt dies held better 
than those cut with sharp dies. That 


the strength of screw-bolts of small dia- | 


meter proved somewhat greater, is no 
cause of wonder; for Kirkaldy observed 


that the strength increased with dimin- | 


ishing diameter, which was to be ex- 
pected because of the proportionally 


greater effect of rolling. 


INFLUENCE OF FORM. 


The form of a member may greatly 
modify its strength. The rod has less 
resistance per square inch of section than 
if it were limited by the dotted line. 
For the load at the right of the dotted 
line is transmitted only by the fibers 
contiguous to the angle to those at the 
left; the former, therefore, receive more 
than the average stress per square unit, 
and fracture will take place sooner at 
the angle. In consequence of the bend- 
ing which must take place in the case 
represented in the figure, the stress is in- 
creased; and the load would also act un- 
favorably at the smaller end. We can 
now understand why Wohler found the 
‘strength of bars with abrupt change of 
section much less than that of bars with 
rounded fillets; for in the latter case-the 
effect of the load was gradual. In 
several cases the strength in the first 
case was from 3 to 4 as great as in the 
second, under like conditions; but these 


experiments do not give permanent data, | 


since the change of section and all the 
modifications mentioned in the last para- 


3-4 diameter in length, had an increased 
| tensile resistance of about one-third. 
These phenomena are hard to explain, 
but may, perhaps, be accounted for as 
follows. Each pulled bar bent under a 
heavy load because of the non-homo- 
geniety of the material. The strain 
caused by the bending contributed to 
the breaking, but this was less, the 
shorter the turned portion. If this ex- 
planation is correct, then a very short 
rod must generally bear more dead pull 
than a longer of the same material and 
'the same section. Whether this is the 
fact Ido not know. Again, there must 
be a like difference with compression, 
and this has been verified by the observ- 
|ations of Bauschinger, and others. 
| Nearly all experiments up to this 
‘time, Wohler’s included, have been made 
‘on plain bars. Fairbairn only has tested 
|riveted girders with the special purpose 
of comparing the values of different 
kinds of sections. The girders almost 
always gave way by the lateral breaking 
or crippling of the upper flange, which 
| we try to prevent now-a-days by bracing, 
especially by angle or T iron set at uni- 
form distances. The relation of the 
strength of compound pieces to simple 
members has not been determined. But 
it is certain that this ratio greatly de 
‘pends upon the efficacy of connections, 
so that more care should be taken in this 
respect than heretofore. 


—-— +e 
RAILWAYS IN Vicror1a.—The Govern- 


ment proposes to expend on railways 
this year the sum of £540,000. 
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TERRESTRIAL MAGNETISM AND THE MAGNETISM OF IRON 
VESSELS. 


By FAIRMAN ROGERS. 
Published by permission of the Bureau of Navigation. 
I. 


1, THERE are two general matters in | Barlow wound wire round a globe in 
connection with magnetism to which the |a direction as nearly as possible that of 
attention of those interested in naviga-|the supposed currents as indicated by 
tion may be directed. \observation, and then covering the sur- 

First—Terrestial Magnetism; in which face with the engraved paper of the 
the seamen is interested on account of | globe found that a magnetic needle sus- 
the action of the magnetic needle and | pended over different points of its sur- 
its variations. | face acted, while the currents were pass- 

Second—the Magnetic Action of the| ing, exactly as the needle does at the 


Iron composing a portion, or the whole, 
of a ship and its machinery. 

2. The fact that a steel needle magne- 
tized by rubbing with natural magnetic 
iron or loadstone will point towards the 
north pole of the earth was at first 


same points upon the surface of the 
earth. 

3. The hypothesis that the earth is a 
magnet just asa sphere of steel might 
be, having two poles, North and South, 
also accounts for most of the phenomena 
observed as will be shown when treating 





attributed to some attractive power in 


that direction drawing the needle towards | of the dip, and the two hypotheses have 

‘been connected by supposing, as was 
The simple experiment however of|suggested by Ampere, that a magnet 
floating such a needle upon water will | owes its power to currents which are cir- 


it. 


show by the fact of the needle merely | culating around it in planes perpendicu- 
assuming the usual direction without lar to its axis as we have supposed in the 
moving towards the northern boundary | case of the earth. 

of the vessel containing it, that the force| 4. For the means of producing electric 
acting upon the needle, is a directive and galvanic currents, the reader is re- 
force, not one of attraction for the needle | ferred to any elementary books in which 


as a whole. 

Experiment further shows that if we 
pass a galvanic current, generated by any 
of the ordinary batteries, through a coil 
of wire, a magnetic needle suspended 
within this coil will place itself at right 
angles to the direction of the current. 

It is therefore inferred from this and 
more elaborate experiments, that the 
compass needle points to the north in 
obedience to the law which causes it to 
take a position at right angles to currents 
which are passing around the earth in a 
direction nearly parallel to the equator, 
and from West to East. Whether these 
currents are wholly on the surface of the 
earth, or partly in the atmosphere, is a 
question not yet determined, but Faraday 


the different forms of battery are de- 
scribed; but it is necessary to notice that 
currents are readily formed by changes 
of temperature, or by the contact of 
| bodies of different temperatures. Thus 
|the most delicate instrument for com- 
paring temperatures known to the physi- 
cal investigator is Melloni’s thermomul- 
tiplier, which consists of a number of 
bars of zine and antimony so ar- 
ranged that their ends are alternately 
soldered together and placed in a pile, 
the two ends of which may be subjected 
to different degrees of heat. Upon 
bringing any source or reflector of heat 
near one end of the pile, the other retain- 
ing its former temperature, a galvanic 
current is instantly set up, which being 


| 





considers that currents in the atmosphere | properly conducted away by wires, will 

produced by the action of heat upon the | indicate by its action in deflecting a 

component gases which are magnetic magnetic needle the most minute changes 
_ bodies will account for the diurnal vari-| of temperature. 

ations which are observed. | Such action by the sun upon the earth 


t 
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and upon the atmosphere must give rise | 


to currents which Lager supply the 
whole magnetic force of the earth, and 
which, at least, manifest themselves in 
those diurnal and periodic variations, 
the determination of which is a part of 


the object of our observations in terres- | 


trial magnetism. 

While the larger portion of the varia- 
tion is constant for any one place at a 
given time, there are small parts of it 
which vary continually, and there are 
magnetic storms which, sweeping in a 
regular track, show themselves upon all 
the instruments which are placed upon 
their path. We do not refer to thunder 
storms, but to violent changes of mag- 
netic condition which are only visible 
through their action on the needle. 

Such magnetic disturbances generally 
accompany displays of the Aurora Bore- 
alis, and observations made during the 
continuance of remarkable Auroras, es- 
pecially in high latitudes, are interesting 
and important. 

We may compare the constant part of 
the variation to the average height of 
the sea water along a shore—the diurnal 
and periodic part, to the tides recurring 
each day and varying with the seasons, 
and the irregular variations to those ir- 
regular changes in the tides due to 
change of wind and the effects of dis- 
tant storms. 


5. To whatever causes we may attri- 
bute the action of the magnetic needle, | 


a large number of observations are re- 
quired to furnish the data upon which 
the true theory is finally to be founded, 
and the numerical value which will serve 
as a basis for calculation. 

These observations are at present di- 


rected to the direction of the needle at | 


different parts of the earth’s surface 
with reference to the true meridians or 
the geodetic north pole, and to the dip 


of the needle or the direction with ref- | 
erence to a horizontal plane, which a_ 
needle accurately balanced before being | 
magnetized assumes after being magne-| 


tized. 

In both these cases the amount of the 
directive force as well as the position as- 
sumed is to be measured. 

The force acting upon the needle in 
the direction of the dip at any given 
place, is called the total force of the 
earth at that place. 


In other words, the force acting upon 
the compass needle is not simply one in 
a horizontal plane directing the needle 
towards a magnetic pole, but it is a force 
acting in an inclined direction, which we 
divide for practical purposes and for con- 
venience of observation and considera- 
tion, by a well-known device in Mechan- 
ics, into a horizontal component and a 
vertical compofent. 

The compass needle being acted upon 
by this inclined force, the vertical com- 
ponent is neutralized by weighting the 
compass card near the south end of the 
needle, so as to keep it hanging in a hor- 
izontal position, while the horizontal 
component directs it into a north and 
south position. As is well-known, the 
vertical component force changes in 
value with changes of latitude, and the 
compass card requires readjustment by 
the addition or subtraction of weight at 
the south end to enable it to preserve 
its horizontal position. 

6. We frequently speak in a rough 
way as if the needle pointed to a dis- 
tinct magnetic pole different from the 
geodetic pole. This is not strictly 
true, for there appear to be two north 
magnetic poles and two south magnetic 
poles, and the poles of dip or those 
places at which the needle stands in a 
vertical position, that is with a dip of 90°, 
do not coincide with the places of maxi- 
mum intensity of the total force. 

In practice, in latitudes ordinarily vis- 
ited by the navigator, this complication 
of the simple law is not important, since 
the variation at any given place will have 
a sufficiently slow and regular rate of 
change to be determined and predicted 
within practical limits. 

This change of variation is caused by 
the change of position of these magnetic 
poles, or, at any rate, by some change of 
condition of the magnetic elements of 
the earth, which alters the position of 
these poles as it does the declination, dip 
and total force at all other places. 

For a more complete consideration of 
‘this part of the subject, the reader is 
referred to more elaborate treatises on 
| terrestrial magnetism. 
| 7. The direction of the horizontal com- 
ponent can be readily observed, by com- 
| paring the direction of the needle with 
that of the true meridian, obtained by 
‘observations upon the north star, or 
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the sun, or by any of the means well 
known to seamen. 

The deviation from the true north line 
is called the variation of the compass, 
and differs in different localities and at 
different periods. It also changes slight- 
ly at the same place during each day, 
giving us the diurnal variation. 

This is, however, too small to be of 
practical importance to the navigator. 

The variation is of the utmost import- 
ance, as in some localities ordinarily 
visited by the navigator, it is as great as 
50° to 60°, or four to five points to the 
West, so that when heading due North, 
magnetic, the ship will be sailing N.E. 
or N.E. by E. 

The accuracy of the determination of 
this variation, will depend upon the 
method used to determine the direction 
of the true meridian, and the means 
used to measure the angle between it 
and the direction of the needle. 

On board ship the variation is usually 
determined by observing the magnetic 
bearing of the sun at noon, with an 
azimuth compass, or if in a harbor, the 
magnetic a of some distant object 
snch as a building or lighthouse, the 
correct bearing of which from the ship is 
known from a chart. 

Such determination is sufficiently ac- 
curate for ordinary purposes. 

The more careful one with the porta- 
ble declinometer, is described further on 
(11). 

8. The measure of the intensity of the 
horizontal component is a matter of much 
greater difficulty and requires nice ap- 
paratus and indirect means of obtaining 
the result. 

If a needle which has always the same 
amount of magnetism, is delicately sus- 
pended and deflected a certain number 
of degrees from the magnetic meridian, 
it will oscillate about that meridian, com- 
ing to rest more or less quickly as the 
directive force at the place is greater or 
less; and by using this magnet in differ- 
ent localities the relative force at those 
places can be measured. 

There are however two conditions 
affecting the time of vibration besides 
the force itself, the amount of magnetism 
of the needle and its form and weight 
as affecting its oscillations. 

As we cannot insure the first being 
constant in any needle, and as more than 





one needle must be used, if we wish 
simultaneous observations by different 
observers, some method of eliminating 
these conditions must be employed. 

The amount of magnetic force of the 
needle itself, is determined by measuring 
its action upon another needle which is 
first vibrated under the action of the 
earth alone, and then under the combined 
action of the earth and the needle whose 
power we wish to determine. 

The effect of its own mass upon the 
vibrations is determined by vibrating it 
first alone, and then with a known weight 
called the inertia ring, and comparing the 
result. 

The instrument used for these observa- 
tions in the Navy, and in the Survey of 
the Coast of the United States is in effect 
that designed by Gauss & Weber, and 
made by Jones of London, with such 
modifications as have been suggested by 
its use. Mr. Hilgard, of the Coast Sur- 
vey, has lately devised an improved form 
which is much more convenient in prac- 
tice. 


DIRECTION OF NEEDLE, 


The portable declinometer, which is 
used to determine the direction of the 
needle and the horizontal force, consists 
essentially of a hollow cylindrical magnet 
suspended by a single thread, so that it 
may turn with great freedom. 

his magnet is closed at one end by a 
plane glass plate, on which an arbitrary 
scale is engraved, and at the other by a 
lens. 

Ata distance of eight or ten inches 
from the center of the magnet, and at 
the same height, is a telescope mounted 
so that it can be moved in altitude and 
in azimuth. 

When the telescope is so directed that 
a certain central division of the magnet 
scale determined by experiment, is cut 
by the vertical hair of the telescope, the 
telescope then points in the magnetic 
meridian, and by comparing this direc- 
tion with the direction of true north 
determined by astronomical observation, 
the declination or variation is determined 
with more accuracy than is obtainable 
with an azimuth compass or an ordinary 
surveyor’s transit. 

This same instrument is adapted to 
the determination of the horizontal force, 
or the force which, when the magnet is 
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deflected from its position in the mag- 
netic meridian, acts to bring it back to 
that position. 

If the needle is thus deflected and then 
permitted to swing, it will vibrate until 
it comes to rest in the magnetic meridian, 
and it will vibrate with greater or less 
rapidity as the force drawing it into po- 
sition is more or less strong. 

But the rapidity of vibration will de- 
pend, with the same horizontal force, upon 
the magnetism of the magnet itself and 
this must be determined in order that 
we may compare experiments made with 
different magnets. 

To do this the magnet observed upon, 
is dismounted and another substituted in 
the suspension, and the original one is 
placed at a measured distance usually 
from one and a-half to two feet from the 
suspended magnet in a line at right 
angles to the meridian. This magnet 
produces a deflection in the suspended 
magnet proportional to its own magnetic 
force and thus this force can be measured. 
This experiment is repeated with the 
magnet at different distances. 

By making observations then with the 
original magnet suspended, the horizon- 
tal force at the station is. determined 
without reference to the charge of the 
magnet itself. 

here is still the inertia of the vibrat- 
ing magnet to be eliminated, and this is 
determined by comparing its vibrations 
when loaded with a brass ring of known 
weight, with its vibrations when un- 
loaded. 

10. The details of arrangement of the 
declinometer are as follows. As the 
magnet must be shielded from the action 
of the wind it swings in a wooden box 
44 inches long, 2 inches broad and 2 
inches deep, from the top of which a 
glass tube 8 inches high and ¥ inch di- 
ameter rises, opening into the box at its 
lower end. On the top of this tube is a 
brass cap capable of being turned around 
upon its mounting and so graduated on 
its edge that the amount by which it is 
turned may be measured. Through the 
center of this cap passes the pin to 
the lower end of which the suspension 
thread is fastened and this pin can be 
moved vertically by means of a rack and 
ewan so as to raise or lower the magnet. 

uspended from this pin by an untwisted 
thread of silk fibre, made of as few fila- 





ments as possible, is an open brass stirrup 
or cage which receives the magnet. 

The magnets, of which there are two, 
are hollow steel cylinders of ;4; outside 
and 44 inside diameters and 3.15 and 
3.85 inches in length with a lens at one 
end and a plane glass at the other on 
which a fine scale is engraved. 

The lens is usually in the north end 
of the magnet and the scale in the south 
end. These magnets are called collima- 
tor magnets; some of the other forms of 
instruments have solid magnets, which 
carry a small mirror to reflect a scale 
placed on the telescope. In this case 
the telescope must be one of short focus, 
while with collimator magnets the ordin- 
ary theodolite telescope can be used; 
the lens in the magnet being arranged to 
give distinct definition of the scale with 
such a telescope. 

A solid brass weight of the same form 
and diameter as the magnets is also pro- 
vided. 

The box in which the magnet swings 
is provided with three levelling foot 
screws and with a screw by which it is 
made fast to the top of the wooden 
table on which it rests, which table is in 
turn supported by a tripod from the 
ground. 

The table is sufficiently wide to hold 
the magnet box, and sufficiently long to 
take upon it the telescope at a distance 
of eight or ten inches from the center of 
suspension of the magnet. 

he telescope used is in fact an ordi- 
nary small theodolite (about a five inch 
circle), which permits the telescope to 
have a motion in azimuth and altitude. 

It should be finely divided and have 
two verniers to the horizontal limb. It 
is screwed on to the table in the proper 
position. 

The magnet box has small windows in 
the ends of plate glass with parallel 
faces through which the magnet is ob- 
served. 

A wooden rod about four feet long is 
so arranged as to be screwed to the bot- 
tom of the magnet box and carries, 
sliding upon it, carriages to receive the 
deflecting magnet and to hold it at a 
given distance from the suspended mag- 
net and at the same height. Wooden 
blocks to fit into the magnet box on the 
sides of the magnet to hold it firm, a 
brass inertia ring, plummet, copper damp- 
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er for calming the vibrations of the 
magnet, screw driver, thermometer, 
pocket compass, spare screws, spool of 
silk fiber, cement, a small circular mir- 
ror which fits into the end of the magnet 
box and sometimes a small lamp, com- 
plete the apparatus. 

11. Observations with portable decli- 
nometer for declination (variation) and 
horizontal intensity. 

The object is first to determine the di- 
rection of the magnetic meridian with 
reference to the true meridian. This is 
a matter of observation and not of cal- 
culation. 

Secondly—To determine the relative 
proportions of the force of the earth and 


of the magnet employed, or =, and the 


product of m and x or ma, m represent- 
ing the magnetic moment of the magnet, 
x the horizontal component of the earth’s 
force. 


x m . 
From ma=a and = =b, we will have 
a a b 
m=—-andm=ba, --=bez or 2’=-. 
x x a 


And the value of m can be obtained 
in a similar way. 

Set up the tripod with the plummet 
over the marked point of the station, 
fasten the wooden table upon it with its 
larger dimension north and south, the 
magnet box end towards the south, for 
magnets which have the scale in the 
south end, level it as nearly as possible, 
then fix the magnet box upon the 
table, screwing it up until the long brass 
spring comes into action. 

By means of the three foot screws of 
the magnet box level it; observe whether 
the glass suspension tube is tight and 
vertical. 

Screw the theodolite into its place and 
level it carefully. 

Take off the sides of the magnet box, 
remove the wooden stick from the stir- 
rup, put the brass bar in the stirrup, and 
allow it to hang until the twist is taken 
out of the suspension fibers. 

If it is necessary to put in new fibers, 
be sure that they are all equally stretch- 
ed, so as to bear the weight and use no 
more than are necessary to sustain the 
magnet. 


When the bar hangs quietly, turn the 
upper cap of the glass tube gently until 





the bar hangs in the magnetic meridian 
as nearly as can be judged. Replace 
the bar by the magnet, taking care that 
no turn is introduced into the suspension 
thread. 

Direct the light into the south end of 
the magnet by adjusting the circular 
mirror. The magnet will hang in the 
magnetic meridian, and if the sides of 
the magnet box are not parallel with it, 
the table must be turned upon the tripod 
until they are so, after which the levels 
must be examined and the box and the- 
odolite re-levelled if they are out. The 
magnet must be raised or lowered by the 
rack at the top of the tube and the the- 
odolite adjusted until the scale of the 
magnet is distinctly seen through the 
telescope. The axis of the magnet must 
be now determined. 

Direct the telescope to a division near 
the middle of the scale, clamp it and 
record the reading. Open one side of 
the magnet box, rotate the magnet in its 
stirrup, so that the scale will be inferted, 
read and record. 

Repeat this several times, and the 
mean of the means of the readings will 
be the axial division of the scale. Ex- 
ample : 








9 
Scale 71.0 84.2 ) Scale 
erect 71.3 64.8 ’ inverted 
72.0 83.6) ‘ 

71.43 84.2 

ee 


77.81 is axial div. of scale. 


Now direct the telescope to this divi- 
sion, and it will point in the magnetic 
meridian. 

The direction of the astronomical 
meridian passing through the same point 
having been previously determined by 
any of the observations on the sun or 
the north star familiar to navigators, 
and marked, the angular difference be- 
tween those two directions will be the 
declination or variation. 

Note—After putting the magnet into 
the stirrup, it may be steadied and 
brought to rest by the wooden block 
which is made to fit into the magnet 
box. After the box is closed, the vibra- 
tions may be calmed, and the magnet 
brought to rest by the use of the screw 
driver which accompanies the apparatus, 
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and which is generally magnetized so as 
to have its point a north pole. 

Holding this in the hand on either side 
of the magnet box, while looking through | 
the telescope, a very little practice will | 
enable the observer to regulate the vibra- 
tions of the needle with great facility. 


12. OBSERVATION FOR HORIZONTAL IN- 


TENSITY. 

Put in the block to keep the magnet | 
steady and to prevent a twist being in- | 
troduced into the thread. Take off the | 
magnet box, and screw the long deflec- 
tion rod to its place under the box, re- | 
place the box, and the rod will extend to | 
the E. & W. on both sides. Place the 
magnet carriages upon the rod. Place 
the magnet with which the vibration ex- | 
periments are to be made, the longer one | 





upon the West carriage with its North | 
end to the West, and at a given distance 
from the center of suspension of the mag- | 
net. } 
Suspend the other magnet in the stir- | 
rup, taking care that it is at the same} 
height as the deflecting magnet. If the | 
suspended magnet isnot horizontal, slide | 
the brass ring upon it to adjust it. 
Note the time and the temperature, | 
(see form of record, Form J), then note | 
the scale reading. As the magnet will | 
not come absolutely to rest in a reasona- | 
ble time you must read the divisions to | 
which it swings to the right and left and | 
their mean will be the true reading as in 
Form I, line 7 152.5 157.5 Mean=155.0 | 
and line8 32.0 33.5 “ =$2.75| 
&e. 

Reverse the deflecting magnet in ‘its | 


Ex. Form I, line 11, 122.17 
line 16, 128.4 


line 17, 125.28 is=2e4# 
a quantity which enters into the formula 
to be described. 

It is twice the deflection to either side 
of the magnetic meridian measured in 
divisions of the magnet scale. To de- 
termine the value of V, the effect which 
90° of torsion in the suspending thread 
has upon the direction of the magnet, 
the following observation must be made: 

The magnet being at rest, read and 
record the torsion circle at the top of the 
suspension tube, and read the scale of 
the magnet (line 19, Form I, 275° 40’, 
80.2). Turn the torsion circle through 
90° the numbers increasing, viz.,, from 


|275° 40’ to 365° 40’ (275°40'+90°= 


365° 40’), read scale and record, (line 20). 
Turn circle back 180° (viz. to 185° 40’) 
read and record (line 21) turn again to 
— position (line 22). 

ake the differences and the mean will 
be the value of V in scale divisions. 

The middle difference recorded (be- 
tween lines 20 and 21), is due to 180° 
not to 90°, and we must therefore divide 
the sum of the differences 6.7 + 13.9 + 7.0 
27.6 by 4 to get the mean for 90°=6.9. 
These scale divisions being arbitrary 
we must have their value in minutes of 
are. This value is constant for the same 
magnet, and same instrument, but if any 
changes are made, it must be re-determ- 
ined. 

To determine it, bring the magnet to 
rest, and turn the telescope until it points 
to a division near one end of the scale, 


carriage, so that its north end will be/|clamp all fast and read the scale and 
east. The suspended magnet will move the verniers of the theodolite, unclamp 
towards the other end of its scale. ‘the upper screw of the theodolite and 
Read and record as before, 32.0 33.5,&c. turn the telescope towards the other end 
Reverse again, record and reverse,|of the scale, read scale and verniers. 
and there will thus be two readings for|The number of minutes passed over by 
each position of the magnet. The dif-| the theodolite divided by the number of 
ference between the means of these ob- scale divisions passed over, will give the 
servations will be the angular distance value of one scale division in minutes. 
through which the magnet is deflected. | . 
Form I, line 11. | , Rmamph : : 
Now place the deflecting magnet in| The0d. readings. —_Scale readings. 
the carriage, which is to the east of the| 62 55 4.6 119.0 mean 
suspended magnet, and observe and| 67 34 81 217 
record as before, recording the tempera- 
ture at the end of the observations. 
The mean of the two differences thus 
obtained: 


1 


9 | 


1,8 
24.9 


2 
2 


diff. 96.9 
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EXPERIMENTS 
Station, Philadelphia. 
Mag. C. 6 deflecting. 
Observer, F. R. 


Form I, 
HorizontaL INTENSITY. 


OF DEFLECTION. 
Date, June 11, 1865 
Mag. C. 17 suspended. 





Time, 
h. m. 


North 


Mag- 
end. 


net, 


| 
| Temp 
. * 


Scale readings. 


Alternate means. 





W. 10 30 70° 162.6 
32.0 
161.2 


31.6 





167.5 
33.5 
169.5 





34.8 














r=2.0 ft. log. 0.30103 


128.40 





128.40 











10 46 


Sud |_ 126.28 








Scale. 





| 82.2 78.2 
| 88.3 85.5 
74.0 72.0 | 
82.5 77.6 | 


Mean=o0= 











| 

| 
o=19'.96 | 
5400'-b0’ | 3 
5400 (ar. co.) | § 
| 





H 
1+—= 
F 0.004160 








| 


1d = 2'.879 0.45924 


0.00160 


2.26769 


8.72181 
Log. of r=0.30103 
3 


0.90309 
+| 9. 69897 


0.90309 


2108" 
x 








yo value of V (line 25, Form I) is got 
7 ying 6.9 scale division by 

2'.879 to bring it to minutes of are. 

It will be desirable to repeat these ob- 
servations with the deflecting magnet at 
a different distance, as for instance, 1.5 
feet instead of 2 feet, as in Form I, r=2 
feet, so as to be able to combine the ob- 
servations. 

Now having the value of «@ in scale 





divisions (line 19, 62.64), we reduce it to 
minutes of arc, applying the small cor- 
rection 1 + j obtained from observations 
for torsion, line 28, getting a value of 
u=3°1'.01, 


Now m, the magnetic moment of the 
magnet, is to X, the horizontal force of 
the earth, as 1 is to the tangent of w, 





TERRESTRIAL MAGNETISM. 459 





multiplied by one-half the cube of the | magnet, so that the deflecting magnet is 
distance of the deflecting magnet, or always at right angles to the axis of the 
m_ re nF or | suspended magnet when the telescope 
za tan. u 5, and, in Form I, performing points to the axial division and the 
. : m amount of deflection is measured on the 
this operation, we get —-=0.2108 as the |cirele directly in degrees and amen, 
: : As in this case we are no longer limite 
aol - - oo of the to the length of the scale in the magnet, 
he tangent of u enters into this for- | the deflecting .magnet “ted be used at 
mula instead of the sine, because the de- | short ss = —— ee —— 
: . . creased to a considerable amount, sa 
flecting magnet is at right angles to the| 15° to 18°, instead of 3° as in Form I, 


magnetic meridian, and not to the mag- | : : naling 
net itself, when it is deflected. oe 


13. An improved instrument, the 
Theodolite Magnetometer, is coming into| The objection to the apparatus as a 
use, in which the divided circle is under | portable one is, that it cannot be made 
the magnet box, and the reading tele-| useful for general surveying purposes as 
scope is attached to the magnet box, as can the theodolite of the instrument de- 
are the arms which carry the deflecting scribed, and where the means of trans- 


Form IL 
Horizontat Intensity. 
DEFLECTIONS WITH THEODOLITE MAGNETOMETER. 
Station, Magnetic Shanty, Eastport, Me. Date, Jan. 15, 1860, P.M. 
Mag. A deflecting at right angles to Mag. B suspended. 
Distance r=1.35 ft. log. =0.13033. 





Circle Readings. .Circle Readings. 


A B Mean. |! A B Mean. 


| 











’ ’ | ’ ’ ‘ ’ 


15.0 15.25 
15.5 15.5 


15.0 15.5 
15.2 











11.0 | 
11.8 


10 


























Mean 11.4 07.3 








teens Logarithms. 
Mag. E., 2u=6 09.7 


Mag. W.,2u=6 04.1 9.69897 

Mean 6 06.9 0.39099 

u=3 03.5 8.736165 

Beginning, Time 3h. 35 m., Temp. 34°. 
Ending, Time 4h. 10 m., Temp. 35.5. 8.82611 


Observer, G. B. Vose. 
Another observation, Jan. 16, with r=1.80 ft. gave x= 8-83166. 
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portation are limited, this is a matter of 
some importance. 

As generally made, the Theodolite 
Magnetometer is not well adapted for 
determining declination, but an improved 
form designed by Mr. Hilgard, of the 
U. 8. Coast Survey, is so arranged as to 
obviate that difficulty, and to give many 
other advantages over the old instru- 
ments. 

A form (Form II) is given for observa- 





tions and computations with this instru-| 


termined by a method which will appear 
further on, and T being the time of a 
given number of vibrations of the mag- 
net which has been used as a deflector, 
when swinging freely under the action of 
the earth alone. 


14. OBSERVATIONS OF VIBRATION. 


To determine T we take off the deflect- 
ing rod and change the magnets, putting 
that one which was used as the deflector, 
into the stirrup. 


ment. In the computations it will be} Bring the magnet to rest, and turn 
observed that the sine of uw, and not the| the telescope until its vertical hair cuts 
tangent as before, is used. | the axial division of the scale. 

Having now determined the ratio of | By means of the magnetized screw- 
mand X, we must get an expression for| driver deflect the magnet about sixty 
their product mX, this product being) minutes, (in the case of the instrument 
aK recorded in Form I, about 20 scale divi- 


qe, mK being a constant de-| 


equal to . ‘ : . 
q 7" |sions) to either side of the magnetic 


Form III. 


Station, M. E. X. 
Magnet F. 


1 | 
2 
3 
4 
5 


Horizontrat INTENSITY. 
EXPERIMENTS OF VIBRATION, 


Date, 


Inertia Ring, None. 





| 
| 
| 
| 
| 


No. of 


. . i B. 
vibrations. Time 


Temp. | 


Chron. A. B., No. 165, rate 18.75 losing on mean time 


Time of 
200 vibrations. 


Extreme scale 
readings. 





: 
| 





m. Ss. 








Means. 


71°.5 | 





Coefficient of torsion. 


Value of one scale div, =2’.879. 





Tors. 








275° 
365° 
185° 
276° 





6 
13.9 
7.0 





7? | 
| 5400’ + 0’ 
| 5400 (ar. co.) | 


; ° 











Mean=0= 


6.9 


1+ 


| 
i 
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meridian and wait until it vibrates | ings, showing the amplitude of the vibra- 
steadily. | tions as in columns 4 and 5. 

Then enter the time as shown in Form | In column 6 carry out the time of 200 
III, lines 7, 8, 9, 10, d&c., of the 10th, | vibrations, as deduced from the difference 
20th, 30th, &ec., passage of the central between 0 and 200. 10 and 210, &c. 
division over the wire, and again of the | Make ob — . d de 
200th, 210th, 220th, &e., up to 250 ake 0 — or torsion and de- 
vibrations. Note the temperature at | termine 1+— exactly as in Form I. 
begining and end—the thermometer be- F° a 
ing in such a position that it will show; Then for calculation, as in Form IV, 
the temperature of the magnet as nearly | enter the observed time of observations, 
as possible, and the extreme scale read-|apply the correction for rate of the 





Form IV. 
Horizonrat INTENsITyY. 
CALCULATION. 
T'=T" (1+ >) (1-2 a) 
& 
Observed time of 200 vibrations=1418.00 


Time of one vibration= 7.0900 
Corr. for rate= + 0.0002 


T= 7.0902 











qg 0.00040 
v—t 2° Yh 
H 


('—d ¢ 0.00040 I+ 5 | 





7 





1—(t—t)q | 0.99960 








mK 
7 


mX= 








3.9456—X 








* Experiments of deflection. Date, June 11, 1865. 





¥m 
x 
mX 





m* 


™ 
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chronometer used for observing, and thus 
get T’. 

Enter the log of T’ in line 9, double it 
F 
from Form III, and the temperature cor- 
rection 1—(¢/—t) g, which is obtained 
as follows: 

On the left hand side of the table, ¢g 
(line 10) is a constant representing the 
change of magnetic moment of the mag- 
net for one degree Fahr. of temperature, 
determined by the maker, or at a perma- 
nent observatory, and given with the in- 
strument. (Riddell, page 89).* 

In the example given, this quantity is 
0.0004. Then? being the temperature of 
the deflecting magnet in the observations 
of deflection which are to be used with 
these observations, and ¢’ the tempera- 
ture of the same magnet now suspended, 
the difference (¢—z’), in this case 1°, is 
multiplied by the correction for 1°,g, 
(line 12, Form IV) and added to or sub- 
tracted from 1, according as it is positive 
or negative (—if ¢’ is less than ¢, and + 
if it is greater). 

Its log is then entered in the right 
hand column, and the log of T°’ found by 
adding logs in lines 11, 12, 13. 

From previous investigations 


2 
mK ris 3.14 159. 


mea — T° 

K represents the moment of inertia of 
the magnet and its stirrup the weight of 
which evidently modifies the time of vi- 
brations. 

K is determined by the formula 

re +r.’ e 

_ eet 
in which 7; and r, are the internal and 
external diameters in inches of the brass 
inertia ring and W its weight in grains, 
t’ the time of one vibration of the mag- 
net with this ring and ¢ without it at a 
certain temperature. 

The log of °K is usually furnished to 
the observer with the instrument, but it 
may be obtained by a series of experi- 


for T”, apply the correction for 1+ 





* The temperature corrections may be determined by 
the observer, by using the deflecting magnet in its bar as 
in the observations for Form I, and noting the change of 
direction, produced by change of temperature, produced 
artificially. 

They are usually very small, and owing to the difficulty 
of determining the exact temperature of the magnet, from 
the fatt that it is never certain that the temperature of the 
surrounding air even close to the magnet itself is that of 
the magnet, and except in the very accurate observations 
of fixed observatories they may be neglected. 


ments with and without the inertia ring, 
the ring being carefully balanced on top 
of the magnet by aid of the wooden 


H| blocks which keep the ry ye steady. 


Subtracting the log of T® from that of 
°K we get the log of mX as in line 16. 


- Taking = from the deflection experi- 


ments, referring to the date as in line 19, 
and adding its log and that of mX, we 
get the log of m* and consequently of 
m, and then (in line 18) the value of X. 


15, INCLINATION OR DIP. 


The instruments used to determine 
the inclination, are more simple in princi- 
ple than those described, but the observa- 
tions are not always so satisfactory, as 
mechanical difficulties of construction 
are apt to give trouble. 

The dip circle consists essentially of a 
steel needle from six to ten inches in 
length, hung upon asmall and accurately 
finished jy axis, and carefully 
‘balanced on that axis so as to stand in- 
differently in any position. This needle 
is hung in the center of a vertical gra- 
duated circle, in some very delicate way, 
generally upon agate planes. The circle 
is mounted on levelling screws, and turns 
on a small horizontal circle at its base. 

When this needle, which is somewhat 
lozenge shaped and has fine points, is 
magnetized and placed so that its axis is 
at right angles to the plane of the mag- 
netic meridian, it will assume the posi- 
tion of the inclination, and the circle 
having been previously levelled by its 
foot screws so that the line joining its 
90° marks is vertical, the reading of the 
point of the needle is the dip. 

In order, however, to eliminate the 
errors which may arise from want of 
perfect balance of the needle, from want 
of symmetry of form, and from imper- 
fect division of the circle, it is necessary 
to make observations in different posi- 
tions and to take the mean of the read- 
ings as the result. 

For instance to observe according to 
Form V. Enter station, date and num- 
bers of circle, and of needle, lines 2 and 3, 
Form V. Each needle will be found to 
have one end marked, and we will begin 
with a needle the marked end of which 
has north polarity, that is the marked 
end will dip below the horizon when in 





the circle. 
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Form V. 


Mac 
Station, 
Dip Circle No. 13. 





POLARITY OF 


NETIC Dip. 
Date, 
Needle No. 2. 





MARKED END NORTH. 





Circle East. 


Circle West. 





Face East. Face West. 


Face East. Face West. 





N. s | N. 





° 


71 


























71 61.2 





POLARITY OF MARKED END SOUTH, 





Circle East. 


Circle West. 





Face West. Face East. 


Face West. Face East. 





8. N. 


N. 


8. N. 





° 


, ° oO 


‘| 


Read ings. 


| 
| 
| 
| 
| 














| 
| 
| 
| 








71 60.8 





Resulting Dip: mean of 


71 61.2 and 71 50.8=71° 51’. 





29 Observer, 

Place the circle upon the stand or on 
a firm table, level it by the foot screws, 
and raising the V supports of the axis 
by the handle provided for the purpose, 
hang the needle carefully in the Vs by 
its axis, with its marked side towards 
you, lower it steadily until the axis rests 
on the agates, and then let the Vs drop 
below out of the way. 

If the needle rolls out of position, raise 


it with the Vs gently and replace it. 
Turn the circle by estimation at right 
angles to the magnetic meridian, and 
the needle will assume an approximately 
vertical position, turn the whole on its 
vertical axis until the upper point of the 
needle is exactly on 90°, record the read- 
ing of the vernier of the horizontalcircle, 
then move the vernier of the horizontal 
circle if necessary, until the lower point 
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of the needle is at 90°, turn the whole on 
the lower circle through 180° and repeat 
the reading of the upper and lower 
points. 

The mean of these readings will be the 
reading of the lower circle when the 
needle is East and West, and at 90° from 
that reading the needle will be in the 
plane of the magnetic meridian. 

Now having the marked end dipping, 
the face of the circle, that is the gradu- 
ated side, facing east, and the marked 
side of the needle facing east, enter the 
reading of the south or upper end in 
column §, line 8 (Form V), and of the 
lower end in column N, same line. Take 
out the needle and reverse it, turning the 
marked face to the west, and read and 
record both ends, then reverse again, 
and repeat the reading, twice, three or 
four times as may be considered neces- 
sary. It will be found that the needle 
will not come exactly to rest very soon, 
and it is therefore better to read the di- 
visions between which it vibrates and to 
take their mean as the reading, as it is 
done in the deflection experiments. 

In Form V, lines 8 and 9, and 10 and 
11, these extreme divisions are recorded, 
their mean being the point at which the 
needle would stand if it had time to 
come to rest, thus the mean 72 14.5 of 
the four readings is the same as the mean 
of the central reading of the two pairs 
8,9 and 10,11. This is the best method 
of recording, except for an old observer, 
who is very expert at taking out the 
means in his head. 

Turn the circle 180°, face to the West 
and repeat the observations as shown in 
the right hand side of form V. 

Take the mean as in lines 12, 13, 14, 
15. Now take the needle out, lay it up- 
on the wooden block provided for the 
purpose, fasten it down with the brass 
clip and reverse its poles making the 
marked end now the south end. 

To do this, place the needle in its block 
with its N. pole to your right, take the 
bar magnets which come with the appara- 
tus, one in the right hand and the other 
in the left, that in the right hand with its 
north or marked end downwards, that in 
the left hand with its south end down- 
wards; rest them on the needle near its 
center and draw them to the points, lift 
and replace them near the center and 
draw to the points again, repeating this 





movement half a dozen times. Turn the 
needle over with its other face up and 
rub in the same way. 

The poles of the needle will then be 
reversed, that end which has been rub- 
bed with the north end of the magnet 
having become the south pole. 

This needle is then replaced in the cir- 
cle which has been kept clamped in the 
plane of the magnetic meridian, and the 
second set of observations as recorded in 
the second part of Form V is made. 

The final mean of both sets is the dip. 
Changing the magnetism of the needle 
eliminates any error that there might be 
in the mechanical balance of the needle. 
There is still a mechanical source of un- 
certainty from the irregularities of the 
pivots. 

This is obviated by an arrangement 
suggested by Mr. Hilgard in which the 
pivots are so attached to the needle that 
they can be turned around and thus ex- 
pose different sides to the agates. It is 
hardly necessary to say that great care 
must be taken that the pivots are not 
ag | or rusty, the magnets must be kept 
in their box with opposite poles at the 
same end and the soft iron keepers in 
their places. The needles must also be 
placed in their box with opposite poles 
at the same end. The small divisions on 
which they rest at each end are usually 
made of soft iron and thus serve as 
keepers. 

16. The observations here described 
having been made and the results record- 
ed they may be plotted upon a chart so 
as to exhibit the relations between them 
clearly to the eye. 

The observations of declination, (or 
variation) having been plotted in suffi- 
cient numbers a continuous line is drawn 
through all the points of no variation, 
another through those of one degree 
variation, etc., until the chart is filled up. 
These lines, which are called isogenic 
lines or lines of equal variation will be 
found to form curves which are extreme- 
ly irregular in their form and distribu- 
tion, but of which, those representing 
Westerly variations cover at this time 
the Atlantic, the Eastern portion of the 
United States and Europe and Africa 
with a small portion of Eastern Asia 
where they come in as closed curves. 

The lines of Easterly variation form 
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loops and closed curves in the center of | 


the Pacific near the Equator. 

These lines are laid down for every 
degree or for every five or ten degrees 
depending upon the scale of the chart; 
and the variation for any position be- 
tween the lines can be obtained by inter- 
polation. 

Tables of the variation are given in 
the books on navigation (Bowditch’s 
Navigator, Table LI). If the lines of 
equal dip are plotted it will be found 
that they are much more regular than 
those of equal variation, and that they 
approximate to the direction of parallels 
of latitude, the line of no dip being near 
the Equator. 

This line is therefore sometimes called 
the magnetic equator. North of it, the 
north end of the needle points down- 
wards, south of it south end. 

The lines of equal horizontal force ap- 
proximate also to the parallels of lati- 
tude, but not so nearly as those of equal 
dip. 

The greatest horizontal force is near 
the Equator as should be the case even 
if the total force were everywhere con- 
stant, since as the dip decreases the hori- 
zontal component of the force must in- 
crease. 

In addition to the obvious and simple 
use of these collections of observations 
to the navigator they form the basis of 
the whole discussion of the magnetic 
condition of the earth, and are therefore 
being considered with all the refinements 
of mathematical investigation with a 
view of deducing the general laws and 
permitting the computation in advance, 
of changes in the direction and intensity 
of the magnetic force. 

An admirable article upon Terrestrial 
Magnetism by Prof. Joseph Lovering, of 
Cambridge, in the American Almanac 
for 1837, is recommended to those who 
wish a further acquaintance with the 
subject. 

It is only necessary to suggest to the 
observer that observations made in places 
hitherto little examined are more useful 
than those made in well studied locali- 
ties, and great care and attention should 
be bestowed upon such observations. 

17. Before going to the second part of 
our subject it will be desirable to call at- 
tention to some properties of artificial 
magnets. 

Vor, XVI.—No. 5—30 


Although a magnet may be of any 
form, or rather although any piece of 

‘iron or steel may be magnetized, we 

shall for the present confine ourselves to 
the consideration of a rod or bar, remem- 
bering that what is called a horseshoe 
magnet is simply a bar so bent that its 

ends are brought near to each other. 

| A rod when magnetized, has its two 

/ends converted with magnetic poles one 

of which points towards the north when 
the rod is freely suspended. This end 
is sometimes called the marked end, 

/sometimes the ved end and the other the 
unmarked, or the d/uve end, being thus dis- 
tinguished in certain pieces of apparatus. 

When an iron bar having no magnet- 
ism is brought very near to one pole fof 
a magnet, a temporary state of magnet- 
‘ism of a character opposite to that of 
the pole is induced in it. If the end of 
-the soft bar is brought near the north 
pole of the magnet it becomes tempora- 
rily a south pole. If a rod of hard: iron 
or steel is so placed the magnetism in- 
duced becomes permanent. 

Thus to magnetize a steel bar or to 
change its magnetism as in Sec. 15, it is 
|touched, or for the purpose of getting 
more energetic action, rubbed with a 
/magnet, that end which is rubbed with a 
north pole becoming the south pole of 
| the new magnet, and vice versa. 

_ 19. Again a bar may be made mag- 
netic by the action of galvanic currents 
upon it, as when it is placed in the cen- 
ter of a coil of wire through which cur- 
rents from a battery are passing, the 
ends become poles, the bar permanently 

| retaining its magnetism if it is of steel, 

| but losing it if it is vf iron as soon as the 

current ceases or it is withdrawn from 
its influence. Upon the latter phenome- 
non is based the Morse telegraph. 

Since currents are passing through 
/and over the earth continually, a bar will 
be similarly magnetized by being placed 
|in certain positions with reference to 
‘them, and it is found that a bar placed 
in the plane of the magnetic meridian, 
and the direction of the dip, or in other 
words, in the direction of the total force, 
will become a magnet, retaining its mag- 
netism if of steel, and if of iron, losing it 
in proportion as it is moved into a posi- 
‘tion at right angles to the magnetic 
meridian when it returns to its inert con- 
dition. 
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This induced magnetism may be ren- 
dered stronger if while the bar is in posi- 
tion it is violently hammered or shaken. 
The magnetic distinction between soft 
and hard irons is based only upon their 
capacity to retain the magnetism impart- 
ed to them, and steel may be classed as a 
hard iron. If a magnet or compass 
needle is freely suspended and another 
magnet brought near to it, it will be 
found that the opposite poles attract 
each other and that the similar poles re- 
pel each other. 

Thus if we approach the north, or 
marked end, of a bar magnet to the north 
end of the compass needle, that end of 
the needle will move away from the bar, 
while it will move towards the bar if it 
is reversed and the south end presented. 





This is true of temporary induced mag- 
netism also, so that if one end of a bar 
of soft iron is presented to the north end 
of the needle that end of the bar imme- 
diately becomes a south pole by induc- 
tion (18) and attracts the north end of 
the needle. If the same end of the soft 
bar is now presented to the south end of 
the needle, it becomes a north pole by 
induction and attracts the south end, so 
that soft iron attracts both ends of the 
needle unless some stronger action than 
that of the needle gives it for the time a 
particular magnetism. 

With this short explanation of the 
action of magnets upon each other we 
will proceed to the consideration of the 
action of the compass on board ship. 





METHODS OF STEEL MANUFACTURE. 
By ROBT. F. MUSHET. 
From “ Bulletin of Iron and Steel Association.” 


A German Professor undoubtedly 
knows almost everything, and can en- 
lighten even an old fashioned metallur- 
gist, such as I am. But, let every tub 
stand upon its own proper basis, and if 
any one has discovered that pigs can fly, 
let not another man claim the merit of 
his discovery. I may have myself to 
discourse of pigs, as well as of Profes- 
sors. 

Rather more than eighty years ago, 
David Mushet decarburized crude cast 
iron by heating it in, contact with an 
oxidizing atmosphere; by heating it 
when imbedded in sand; and by heating 
it in contact with iron scales, hematite 
iron ore, and oxide of manganese, reduc- 
ing thereby the crude iron to the condi- 
tion, first, of steel, and, ultimately, to 
that of malleable or soft iron. The 
quality of the steel and iron thus pro- 
duced varied, according to the purity or 
otherwise of the crude iron operated 
upon. If, then, Turner’s method and 
Jullien’s method date earlier than my 
father’s, let them be considered the 
original inventors. If not, then my 
father must have that credit, and, in fact, 
to him it is due. A very large trade 
has, to my knowledge, been carried on 











in Birmingham for at least forty-five 
years, in the manufacture of cast iron 
articles, softened into soft iron and semi- 


steel by my father’s process of decarburi- 


zation of cast iron, in contact with 
heated oxides of iron, manganese, &c. 
Now, as to natural steel, Professor 
Heeren tells us that, from the earliest 
times, it was prepared by melting crnde 
iron, in a refining furnace, with wood 
charcoal. In this matter Professor 
Heeren is completely mistaken. In the 
earliest times, as evidenced by the scoriz 
which remain, iron was reduced from the 
richest of its ores by heating those ores, 
in contact with wood fuel, until a portion 
of the metal was separated from them, 
ranging from 10 to 20 per cent. of the 
entire metallic contents of the ore. The 
iron thus separated was not crude or cast 
iron, but was the softest, carbonless iron, 
soft as copper, but not malleable, until 
by reheating in a charcoal fire, it had ab- 
sorbed as much carbon as was requisite 
to render it malleable. That was the 
malleable iron of the earliest periods, 
and thus was it produced at the iron- 
works of the Egyptian Pharaohs, in 
Arabia, by the Silures in the Forest of 
Dean, and by the African negroes, by 
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whom this method is pursued at the| 
present day. 

This African iron manufacture has 
been fairly described by Mungo Park, 
Capt. John Duncan, Dr. Livin stone, | 
and other African travelers. Of the | 
scorie from the work places of the 
Pharaohs, I have been shown specimens 
by Mr. Hartland, a London banker, who | 
visited, a few years ago, the site of those | 
ironworks in Arabia. This carbonless| 
soft iron was far more fusible than) 
slightly carburized or malleable iron. | 
Natural steel was unknown to these early | 


workers, as it is still to African iron-| 


makers, it was only in far more recent 
times that an enlarged and improved 
construction of the reducing furnaces 
enabled ironmakers to produce metal so 
far carburized as to be in the state of 
crude or cast iron. And this crude metal 
was by various methods decarburized, 
so as to constitute what has been termed 
natural steel. Natural steel has also' 
been produced by deoxidizing the ore 
and carburizing the reduced soft iron 
in the same furnace; an operation requir- 
ing great care and nicety of manipulation 
to obtain steel of serviceable quality. 


Natural steel, which is only the product 
of the purest ores of iron, is not purified, 
as Professor Heeren intimates, by repeat- 


ed refinings. It needs no refining, being 
already pure enough; but it is cut up, 
piled, reheated, welded, and again forged | 
to increase its homogeneity. Such is the 
tendency of certain ores of iron, as for 
example the pure magnetic wootz ore of 
India, to pass during the process of re- 
duction into the state of soft carbonless 
iron, rather than into the state of crude 
or cast iron, that when treated by Mr. J. 
M. Heath, in a small cold blast furnace, 
the hearth became wholly choked up 
with this soft iron, and it was only by 
the adoption of heated blast that this 
otherwise insuperable obstacle was over- 
come. As regards wootz steel, é.¢., the 
earliest kind of cast steel of which we 
have any record, if Professor Heeren had 
condescended to consult my father’s 
‘Papers on Iron and Steel,” he would have 
displayed, perhaps, a little less ignorance 
of the subject upon which he assumes to 
instruct us, than he actually has done. | 
Even a German Professor might learn 
something from the writings of the man 
who first reduced the principles of iron 


and steel making to a rational and intel- 
ligible form, whose sound and thorough 
comprehension of the subject he wrote 
upon contrasts remarkably with the in- 
terminable columns of empirical rubbish 
which, from time to time, make their ap- 
pearance on the much be-muddled sub- 
ject of the manufacture of iron and steel. 

Well, Professor Heeren tells us that, 
to produce wootz steel, wrought iron 
made by the direct process is cut into 
short pieces, and placed in small cruci 
bles, with a few green leaves, which cru- 
cibles are then stopped with clay, and 
heated for a long time. Now, the Hin- 
doo steelmaker would be as green as the 
leaves if he merely did this. What he 
does actually do is to place the bits of 
iron in the crucible, along with bits of 
dried wood, covering the charge with a 
leaf or leaves, to prevent the wet clay of 
the stopper from getting amongst that 
charge. The crucibles are heated for 
two or three hours, and are then allowed 
to cool, The buttons or cakes of wootz 
are found of various qualities; some 
wholly fused and converted into perfect 
cast steel; some partly steel and partly 
iron, more or less fused, and therefore, 
of course, not homogeneous. From these 
half melted wootz cakes, the Professor 
affirms that the Damascus sword blades 
are manufactured. As I do not myself 
know any of the “blades” by whom 
these Oriental scimitars are manufac- 
tured, I can not ask them whence they 
derive their material; but the wootz 
cakes will need a great deal of cutting, 
piling, and, a8 it were, double shearing, 
before the steel is fit for sword blades, 
or for cutting down the hostile “ blades ” 


for whose delectation they are intended. 


What the Professor calls “the Mushet 
process” was my father’s process of 


‘melting Swedish bar iron in crucibles, 


with the addition of the proper dose of 
charcoal in small! pieces. The steel thus 
produced was supplied to the celebrated 
firm of P. Stubbs, of Warrington, and 
the then Mr. P. Stubbs preferred it for 
his saw files to the Sheffield steel of 
cementation, prepared by melting bars 
of double converted blister steel. The 
Vickers process alluded to by the Pro- 
fessor is, I presume, the employment of 
manganese in the melting pot, first sug- 
gested by my father’s intimate friend, 
Josiah Marshall Heath, to whom and to 
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my father, Elliott, the Sheffield Com-|I have specimens of cast steel thus pro- 
Law Rhymer, affirmed that Sheffield| duced by my father, from Cumberland 
owed one-half its ee: In fact, | hematite, in the year 1797, that is before 
take away my father’s carbon process, Chenot and Professor Heeren were born. 
Heath’s manganese process, and my / But Chenot did not melt his substances 
spiegel process, and Sheffield trade/|under pressure, as stated by the Pro- 
would shrivel up like one of the Profes-| fessor, he compressed them first and 
sor’s green leaves in the wootz crucible. |melted them afterwards. Another 

Well, poor Heath was driven, broken- | blunder of the learned Professor. 

hearted to his grave, by the grasping; Martin’s steel is a kind of metallurgi- 
avarice and corrupt machinations of the | cal myth, and his patents are a farrago 
then Sheffield steelmakers, and by the of metallurgical nonsense, which no man 
impenetrable stupidity of Judge Abinger | living, and least of all the patentee, him- 
and his legal brethren, who, unable to | self, ever could unravel or comprehend. 
get inside a melting pot or into their These patents were prudently bought up 
own stomachs, would not believe what | by Mr. Siemens; otherwise, they might 





takes place therein. Charles Dickens 


has described, in far better language 
t 


than I can command, the villainy ae 
to bear to effect the ruin of Mr. Heat 
Again, Heeren informs us that English 
cemented steel is made of wrought iron 
of the best quality, mixed with charcoal, 


‘have furnished lawyers with matter 
‘about which they could split straws ad 
infinitum. 

| Ialmost fear to approach the subject 
of the Siemens direct process, for in his 
description of this process the Professor 


‘has out-Heroded Herod. He says, “The 
and heated for two or three weeks. | one is melted alone, without the addition 
Quite a mistake. Iron, of qualities rang- | of reducing material, at a very elevated 
ing from £3 to over £30 per ton, is con-| temperature; then the iron is reduced 
verted, but not by heating it for two or and transformed into wrought iron, or 
three weeks, for were that done, a big/into steel, by adding coal!!!” Was 
lump of cast iron, in place of converted the Professor poking fun at the public 
bars, would be the product of the opera-| when he wrote this? Or was there lager 
tion. This was once proved at the Mersey | beer on the Professorial brain ? 
Steel Works. | To improve steel, diverse substances, 
I now come to the Professor’s remarks | says the Professor, are added to it; sil- 
upon puddling, which operation is prac-| ver, notably. Now there is not in com- 
ticed in a furnace heated with coal. All| merce any steel containing silver, for 
right, so far. But then, says the Profes-| certain sufficient reasons. First, silver 
sor, it is necessary to purify the product | forms no true alloy with steel but only 
by repeated refining, or by transforming mingles mechanically with it. Second, 
it into cast steel. Now the ,cinder, me-|even one pound of silver mingled with 
chanically mixed with and adhering to|500 pounds of good cast steel, sensibly 
the puddled balls, is the only thing, ex- impairs the quality of the latter; and 
cept scale, got rid of by rolling, squeez-| third, manufacturers decline to spoil 
ing, or forging, and this can scarcely be | their steel by such injurious and expen- 
termed refining the iron, any more than sive additions. Coming now to what 
the act of a man washing his dirty | the Professor terms “Uchatius steel,” I 
hands can be designated refining his! make a Latin quotation for the Professor’s 
fingers. And if the puddled iron be benefit: Hos ego versiculos feci: tulit 
transformed into cast steel, it is not| alter honores. The so-called Uchatius or 
thereby purified, as the Professor may | Atomic process is my own process, in- 
easily ascertain, by melting cinder pud-| vented by me, and commercially carried 
dle bars with carbon into cast steel. out by me, five years before the date of 
Peter’s process—unless the Professor | Captain Uchatius’s patent. I sold this 
means the process of collecting the steel to a considerable extent, on the 
Pope’s Peter’s pence—was anticipated by | Continent, at prices ranging from £84 
Anthony Hill, of the Plymouth Iron-|to £120 per ton, long before Captain 
works. Chenot’s process is a mere modi-| Uchatius brought his imperfect edition 
fication of my father’s process of pro-|of my process before English steel 
ducing cast steel direct from iron ore.| makers. Moreover, the Captain’s agents, 
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Messrs. Lenz and Howard, were deputed 


to wait upon me at the Forest Steel | 
ossession, in order | been made, and the simple reason is this: 


Works, then in my 


for any practical or commercial purpose 
than it was before such addition had 


that I might make for them some mar-| The crude iron will not eliminate from 


ketable steel by my Atomic process, 
they having at the Chelsea Steel Works 
failed to do more by their process than 
produce a miserable little ingot, 14 lbs. 
in weight, of overhard cast steel, which, 
after I had instructed the hammerman to 
treat it as tenderly as though it had been 
one of his own great toes, was at length 
drawn out into a much cracked, very 
scaly, and frightfully roky bar. Well, I 
made for the Uchatius deputies, by my 
Atomic process, half a dozen ingots, of 
44 lbs. each, ranging from chisel to drill 
steel temper. Some were drawn into 
bars; and some were taken away, and 
were reported as being of excellent 
sg Mr. Lenz also was profuse in 
his acknowledgments, and we parted to 
meet no more. After a considerable 
time had elapsed, I learned that the then 
Ebbw Vale [ron Company were exhibit- 
ing, at their London office, a bridge rail 
of cast steel, which Mr. Joseph Robinson, 
in his capacity of showman, informed 
inspecting visitors was a product of the 
Uchatius process; whereas the said rail 
was rolled from an ingot of Bessemer 
metal and spiegeleisen, cast by me, at 
the Forest Steel Works, for the Ebbw 
Vale Iron Co. This kind of proceeding 


savored to my thinking more of the) 


“You cheat us,” than of the Uchatius, 
process. Now I have no ill will against 
the defunct Ebbw Vale Co., on whose 


toes the black ox stepped heavily, not. 
Nor do I grudge the, 
£40,000 Captain Uchatius was said to 


very long after. 


have received, as a reward from the Aus- 
trian Government, for my Atomic pro- 
cess ; but, as I have already remarked, 
let every tub rest upon its own proper 
basis. 


Last, not least, I turn to the Bessemer 


process, and I find Professor Heeren stat- 
ing that the common method is to com- 


pletely decarburize the crude iron in the | 


converter, and then add a rigorously-de- 
termined quantity of crude liquid iron. 
Here the Professor appears rigorously 
determined to ignore certain important 
facts, and to misrepresent others. Now 


the addition of liquid crude iron to de-| 
carburized Bessemer iron does not actu-| 
ally render the latter even less available | 


| drastic, 


the decarburized metal the oxygen with 


which, during the blowing operation, 
that metal has become charged. It re- 
quires the presence of metallic manga- 
nese, with its superior affinity for oxygen, 
to eliminate the pernicious oxygen. Now 
metallic manganese being a notable con- 
stituent of spiegeleisen, I chose that 
spiegel, as a suitable addition to decar- 
burized Bessemer metal, in order that, 
by the affinity of its metallic manganese, 
the oxygen might be removed; and so 
that the metal, thus purified, might be- 
come what it has ever since become, the 
grandest of all metallurgical inventions 
—Bessemer steel. When the lion, Bes- 
semer, was caught in the toils, and the 
best lion in existence may at times be 
brought up, as it were, in sea phrase, 
“all standing,” the little mouse, Mushet, 
came and nibbled the confining cords of 
the net, and the lion was set free from 
the toils. Now it appears to me that 
Professor Heeren, and indeed many other 
professors and metallurgists, are rigidly 
determined not to comprehend the Bes- 
semer process. Much learning has, per- 
haps, deranged their perceptive faculties. 
Let me feebly attempt an explanation. 
When cast or crude iron is blown in 
the Bessemer converter, until the whole 
of its carbon has been burnt out, the 
metal is what I have described as carbon- 
less soft iron, not malleable, except at 
one particular temperature. It is also 
charged with oxygen, forced into it by 
the atmospheric blast. Now, before it 
can become a malleable, marketable com- 
modity, it must get rid of its oxygen, 
and it must acquire some carbon. It 
wants, in fact, a combined tonic and 
In spiegeleisen I found, first, 
the drastic, namely, metallic manganese, 
to eliminate the oxygen, and second, the 
tonic, #.¢., the carbon necessary to impart 
malleability and steely properties to the 
Bessemer metal, There is the whole 
mystery cleared up; and the spiegel, 
being an alloy of manganese and iron, is 
no more crude iron, added to Bessemer 
metal, than brass is copper, or oroide 
pure gold. When cast iron, containing 
a notable alloy of metallic manganese, is 
treated by the Bessemer process, the sub- 
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sequent addition of spiegeleisen is not 
requisite, the iron operated upon being 
in itself sufficiently manganesic. Such 
cast irons are employed in Sweden, and 
in other places on the Continent, where 
suitable manganesic pig irons are cheap 


‘for instance, for boiler plates. I did not 
| claim this factitious spiegel, in my patent 
‘of 22d September, 1856, because even 
|the name of ferro-manganese had not 
| then been given, though the substance 


itself had been made by my father as 


enough. This process, however, demands| far back as }812, and by myself in 1449, 
great nicety and careful watching to in-| and subsequently. But, as my patent 
sure uniform results. In England and | claimed the addition of any alloy of iron, 
America, and in most Continental Besse-| and manganese, containing also carbon, 
mer works, spiegeleisen is added to per-| to Bessemer metal, my claim of course 
fect the Bessemer process, and whatever|included the use of ferro-manganese, 
Professor, professing to teach the world| when that substance began to be com- 


about the Bessemer process, suppresses 
these facts, respecting my spiegeleisen 
process, does himself an injury, by ex- 
posing his own ignorance, and does me 
an injustice by ignoring my process, and 
thus depriving me of the credit of my 
invention vitally essential as it is to the 
success, and indeed the very existence, 
of nine-tenths of all the Bessemer steel 
works in the world. 

There is an alloy of iron and mangan- 
ese, called ferro-manganese which is very 
rich in manganese, and well suited for 
addition to Bessemer metal, especially 


where very soft metal is sought for, as, 


mercially manufactured. 

I now bid adieu to Professor Heeren, 
and to his metallurgical lucubrations. 
Should he ever see the observations I 
have made, and deign to refute them, I 
| shall no doubt be terribly sat upon; for 
a German Professor has ever an inex- 
haustible fund of argument and logic to 
draw upon; and were one of these 
learned men to assert that we ought to 
wear our inexpressibles inside out, upside 
down, and hindside before, he would no 
doubt be able to support this doctrine by 
irrefragable arguments, so as to carry 
conviction to our minds. 








THE CASE AGAINST IRON AS A BUILDING MATERIAL. 


From * The Building News.” 


THERE are two sides to every question: 
and as the reasons in favor of iron as a 
building material have been stated and 
re-stated pretty frequently in modern 
times, it’ is desirable now and then to re- 
mind architects, and still more the gen- 
eral public, of the reasons against it. 
Professor Barry, in his first lecture this 
year at the Royal Academy, has referred 
to the subject, and has advocated, though 
in a cautious and sober way, the use of 
iron architecturally; or, in other words, 
the treatment of structural ironwork on 
artistical principles. This is very proper 
advice to give to engineers, or to archi- 
tects who may have to do engineering 
work, in large railway stations and the 
like. It is, we think, dangerous advice 
to give to those who have to do with 
street architecture, and with public and 
domestic buildings generally. Architec- 
tural and engineering works, taking 


them in the mass, differ in one most im- 
portant point: the former are in constant 
danger of fire, while the latter are not. 
An iron bridge is safe from fire: there is 
nothing combustible about it. An iron 
railway station (not a goods shed) is al- 
most equally safe, if it is a large one— 
since the combustibles likely to be found 
in it are small in quantity compared to 
its size. It is altogether different with 
the combustible part of a house; a ware- 
house, or a theatre; and in many such 
buildings there is a great deal too much 
structural ironwork used already. Noth- 
ing burns down so fast as a building car- 
ried on cast-iron columns: witness the 
Surrey Music Hall, destroyed in half an 
hour. Nothing is so dangerous to fire- 
men as what is fondly named “ fireproof 
construction,” and the reason is that it 
depends—in almost every case—on iron 
girders and rolled joists. It is easy 
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enough to make a building fireproof,| proof. In that case we may be sure 
where small spans are allowable, and | that provision will have to be made for 
where, as in places for storage, piers are|imbedding or thoroughly casing with 
not in the way; but the system is too old | brick or plaster all the iron columns and 
to be patented, and so nobody has an in- | girders that can possibly be so treated. 
terest in advertising it. All that is| The first thing, then, that an architect 
necessary is to have solid brick walls, | has to withiron asa building material is 
brick piers, and brick vaults—and to/to put it out of sight; and, in many 
avoid ironwork as you would gun-| cases, to do this so thoroughly that even 
powder. its shape and general outline will no 
Every one knows that of the two, cast-| longer be discernible. His iron columns 
iron yields to fire even sooner than|he may surround with brick or concrete 
wrought-iron. It loses a considerable|so that they appear as columns still, 
percentage of its strength at about 200/ though not as iron ones; but his iron 
degrees, and when red hot will not carry girders will be safest buried in the very 
its own weight. The iron columns at! midst of his concrete floor. And even 
the Surrey Hall, where not melted, were | then neither columns nor girders will be 
bent into all kinds of fantastic shapes, | anything like safe. Iron is so rapid a 
and twisted, some of them, like cork-| conductor of heat, that if only a few 
screws. Wrought-iron, on the contrary, | bricks fly off with the fire, or a few 
retains a good deal of its strength at a| square feet of concrete crack and come 
red heat; but a red heat is nothing com-| down, both columns and girders will 
pared to the temperature of a building in rapidly get hot, lose their strength and 
a great fire. Neither wrought nor cast come down ina heap of ruins. Still one 
iron is worth anything in this situation; must risk something; and, as wrought- 
and we have Captain Shaw’s assurance |iron joists are very convenient, this 
that he would rather trust a stout wooden | amount of danger is not likely to put 
beam in a fire than any iron girder that|them entirely out of use. Cast-iron 
ever was invented. One of the first|columns are more objectionable, even 
duties of an architect, especially in| when encased; and rolled iron stan- 
towns, is to provide against fires; and cheons, riveted into a + or other strong 
his next duty is surely to make fires, if| section, might well be substituted for 
they happen, as little dangerous to life | them. But, in any case, the net result 
as possible. The use of iron in the form | is, that in the great masses of the build- 
of girders and columns is well known to ings with which an architect is concerned, 
increase their danger greatly; and the he will have few opportunities, however 
more weight is put on it, the more dead- much he,may desire them, of trying his 
ly it is. The only remedy known is to skill on the artistic treatment of iron as 
cover it up with something that is really a building material. If he does so, he 
fireproof—such as brick, concrete, or will do it, more or less, at the general 
plaster; but then what becomes of the peril, in case of fire; and he ought, ex- 
everlasting cry that architects should|cept in certain quite exceptional cases, 





. treat iron artistically? The architect’s | to be prevented by law from doing it at 


first duty is to imbed it as deep as he/all. The exceptional cases are those in 
possibly can in a different material, and | which fire is not to be feared. There is, 
not to show a particle of it, as a main first, the class provided for in the pres- 
structural feature, either inside or out-|ent Act, in which a shed, or other unin- 
side of his building. He may need to|habited building, may be made of com- 
study the artistic treatment of this! bustible materials if it stands far enough 
necessarily concealed construction; but! away from all other property. Iron 
this is quite a different thing from study- | might, of course, be exposed to view ina 
ing the artistic treatment of ironwork. building of this sort, as it now is; but 
Some day we may hope that a new Me- then there is not much scope for artistic 
tropolitan Buildings Act will be passed, design in the ironwork, any more than 
and that its framer will be clear-headed |in the woodwork of a shed. It is not 
enough to see—what few of the general | here, probably, that architects will be 
public do see at present—that to be in-| able to follow the enthusiastic advice so 
combustible is not necessarily to be fire-| often given to them, to take up this 
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neglected material and make it vie in | architectural training; and if they had 
effect with marble in the hands of the | been trained in any genuine architectural 
Greeks, or with stone in those of the|style—that is, in almost any except the 





medizval builders. There remains, then, 


only the other class, in which the struct-_ 


ure either has nothing combustible about 
it, or in which the quantity of combusti- 


ble material is too small to do much | 


harm in the event of fire. 

The first thing that will occur to every 
one as to this class of work is, that it is 
mainly in the hands of engineers. It is 
of little use to admonish architects as to 
the way in which they ought to deal 
with a description of building, which, as 
a matter of fact, they never have to de- 
sign. We shall, doubtless, be told, and 
with some truth, that they ought to de-| 


sign it, and that if they had been equal 


to the wants of the times some forty or 


fifty years ago, they still would have) 


done so. Very possibly this may be the 
case; but we have to deal with the pres- 
ent day, and not with the earlier part of 
the century. At that time, the Classic 
school, whose praises Mr. Bentinck has 
just been sounding, formed almost the 
entire profession; and they were so 


busily engaged in imitating, as he tells 


us, the “ finest works of the best masters,” 
that they had no time to think about the 


new and pressing problems of the age| 


they lived in. Besides, the best masters | 
_of the Classic school did not build in 

iron, and their works could not even be 
copied in it, though they might in stucco. | 
Their disciples, therefore, patronized the | 


“Classic” of our predecessors, they 
would have dealt with iron more econo- 
'mically, and far more artistically than 
the engineers have done. A man with 
artistic habits has the ambition of doing 
| things in a pleasing way; but a coarse, 
‘merely practical man has no ambition 
above that of making the vulgar stare; 
and this ambition is far more costly than 
the other. The money that has been 
spent by engineers in trying to build 
roofs and bridges of wider spans than 
other engineers—where wide spans had 
no real advantage, would have made all 
the ironwork of our railway stations 
artistic. By artistic, we mean pleasing 
in form, truthful, and reasonable; not 
ugly in form, and plastered over with a 
quantity of trashy ornament, like the 
Ludgate-hill railway bridge, for example. 

The conclusion from this head seems 
to be that there is room, and, indeed real 
need for a link between the two profes- 
sions, in the shape of architectural en- 
gineers ; engineers who shall be able to 
design as well as to calculate ; architects 
who shall be able to build in iron, on a 
large scale, as well as in brick or stone. 
So far, Professor Barry’s advice is very 
good advice for any gne, whether archi- 
tect or engineer, who has, or may have, 
the designing of railway stations, rail- 
way bridges, or other works of the same 
class. The point we insist upon is, that 


plasterer, and let the iron-founder and there is a vital and fundamental distinc- 
the iron-roller find employment as they tion between this class of work and all 
could. This was how work of this kind | others ; and that it is in this class alone 
got into the hands of the engineers; and | that there is scope—if questions of prac- 
though since the happy “ Decline and tical safety have any weight—for the 
Fall of (so-called) Classic Architecture,” artistic design of structural ironwork. 
a multitude of architects have adopted a; In this class of work the ironwork is 
sounder system, it cannot be expected visible ; in all other classes it ought to 
that such work will immediately come be imbedded as deep as it can possibly 
back. The specialist custom, too, has} be in brickwork or concrete. It is true 
arisen—less by the wish of architects that this is seldom done at present ; but 


than by the choice of the public, who 


cannot believe that any man can be emi-| 


nent in more than one narrow depart- | 
ment of his own profession : and, by this | 
time, if no separate class of engineers 


this, rather than the making iron orna- 
mental, is the true end to aim at in the 
ironwork of public buildings and town 
architecture generally ; and this, when- 
ever the Metropolitan Building Act is 


existed, the architects who would have revised and freed from its present 
done engineering work would have been, | absurdities, will, doubtless, become, to a 
in practice, quite distinct from those who large extent, imperative in London. 
do warehouses, churches, or houses.| Suppose, however, that this end is at- 
Still, however, they might have had an’ tained, and that structural ironwork is 
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everywhere safe from fire, we have still | 


some very serious faults to find with it. | 
How long will it last, and how much of 
a building, in which iron is freely used, 
will remain when the iron fails? How 


many of our “great engineering tri-| 


umphs” in iron construction will outlast 
the next century? When the Romans 
built a bridge or viaduct, the thing was 
built ; it lasted, with fair play, for ten or 
twenty centuries, and may yet last as 
many more. When the modern engineer 
puts an iron tube, or a pair of lattice 
girders across a stream, all he has done 
is to find a temporary expedient for 
spanning it, which Nature, as if in scorn 
of its clumsiness, hastens to destroy. 
Every shower of rain takes something 
from its strength in the shape of rust ; 
every passing train helps to make it 
more and more brittle by vibration. The 
time will not be long before all these iron 
bridges fail, and before the short-sighted 
policy which erected them will be a de- 
rision and a proverb of reproach. We 
forget how many tons of rust were 


scraped off the Menai Bridge, some five 
years after its construction, but enough 
to show that with the greatest care it 


could hardly outlast a century. 

If this happened with so important a, 
work only recently completed, we may 
judge what the case must be with other | 
iron structures, longer built and more 
neglected. Six and twenty years ago, as 
many of us recollect pretty clearly, there 
was an universal flourish of trumpets 
over the new style that had been in- 
vented. Architects, we were told, were 
superseded; bricks and mortar had had. 
their day; a new nineteenth century style 
of iron and glass had arisen, and Paxton | 
was its prophet. The daily papers were 
in raptures, and predicted the universal | 
advent of the green-house dispensation. 
The Sydenham Crystal Palace sprang 
up; its history has been a history of rust 
and breakages ; its shareholders’ profits 
have gone in vainly trying to keep it 
weather-proof ; and its present state is 
such that, within the last few days, it 
has been publicly proposed to pull it 
down and build houses over the site. 
So mach for iron buildings. Is it not 
likely that the same kind of failure will 
happen, if a little more slowly, to iron 
roots? They are protected, it will be 
said, by painting; so was the Crystal. 


Palace, with more care, probably, than 
most iron roofs receive. Painting, too, 
is liable to be neglected; in the long 
run is sure to be sometimes neglected— 
through oversights, through want of 
money, or through the desire of the 
managers of a company to show a larger 
margin of profit than they fairly can. 
The damage to a wrought-iron structure 
of one such period of neglect may be 
irremediable ; and, even when there is 
no neglect, iron may go on rusting, under 
certain conditions, after it is painted. 
Whatever is done, rivets and rivet- 
holes cannot be painted where they are 
in contact; and so the most important 
part of the work necessarily becomes the 
most unprotected. 

We have only hinted at the effects of 
vibration on iron, because the rate at 
which wrought-iron becomes brittle and 
crystalline under its influence has not 
been fully investigated. It may, or it 
may not, ultimately become a general 
source of weakness in iron structures. 
If it does, it will be a very serious one, 
because it will lead to sudden and not to 
gradual failures. We have said nothing, 
either, of the effect which the expansion 
and contraction of great masses of iron 
are sure to have, in time, upon masonry 
and brickwork; not so much in bridge- 
work, where the abutments are practi- 
cally immoveable, as in wide-span build- 
ings, where the walls are thin. There 
must be, in fact, a continual rocking 
backwards and forwards of the brick- 


|work—to a very small extent indeed, but 
|by a perfectly irresistible foree—as the 


metal contracts and expands. The re- 
sult of the whole will be that by the 
time the ‘iron roof has rusted into a 
dangerous state, the brickwork and ma- 
sonry will have been so pushed and pull- 
ed about that they will be about as 
worthless as the roof; and so the whole 
thing will come to an end together. In 
the words of Dr. Mackay’s once-popular 
song, “* We may not live to see the day, 
but there’s a good time coming.” Lon- 
don railway bridges, and London rail- 
way stations will not last very long; 


| their “ anti-human ” ugliness is a nuisance 


which Nature kindly hastens to do away 
with; and their only use, in some five or 
six generations, will be to raise a laugh 
at the trumpery engineering of the nine- 
teenth century. 
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REPORTS OF ENGINEERING SOCIETIES. 


MERICAN Society oF CIviL ENGINEERS.— | 
As this issue of the Magazine goes to press, | 
the members of this society are ——_ at | 
New Orleans for the Ninth Annual Convention. 
The days of meeting are the 24th, 25th, and 
26th of April. 

The last number of the Transactions contains | 
the following papers, viz., A Water-Conduit | 
under Pressure, by J. T. Fanning: The Failure | 
of the Ashtabula Bridge, by C. Macdonald: 
Co-ordinate Surveying, by i. F. Walling. 


HE INSTITUTION OF CrIvIL ENGINEERS.—The 
second series of supplemental meetings 

for the reading and discussion of papers by 
students will commence on Friday, the 2d of 
March, and be continued weekly during the 
remainder of that month. The subjects to be 
dealt with at these meetings will be :—‘‘On 
Fen Drainage at South Lincolnshire,” by Mr. 
H. J. Tingle; ‘‘On Waves, and Structures de:- | 
signed to resist their Force,” by Mr. W. J. | 
Chalk; ‘‘On the Comparative Merits of | 
Wrought-iron Plate and Trussed Girders,” by 
Mr. R. J. G. Read; and ‘‘On Mechanical 
Puddling,” by Mr. N. Watts. The gentlemen | 
who have undertaken to preside on these occa- | 





ly it is changed the better, provided it does not 
get greasy. The temperature to which the 
steel should be raised for various purposes is 
shown by the color of the steel when heated. 
Lancets which must be very hard, in order that 
they may be ground to a keen edge, are tem- 
pered to the faint yellow tinge, equal to 430° 
Fah., while razors and surgical knives, which 
must be less easily broken, are tempered to the 
straw yellow, equal to 450° Fah. Pen knives 
are tempered‘upon an iron plate over the fire, 
the blades being laid upon it on their backs 
until they have acquired the full yellow color, 
equal to 470° Fah. Cold chisels and large 
shears for cutting iron must stand rougher 
usage, and are therefore tempered to a brown 
yellow, equal to 490° Fah., while the brown 
with purple spots, equal to 510° Fah., marks 
the tempering heat for axes and plane irons. 
Table knives are heated till they acquire a pur- 
ple color, equal to 530° Fah., in order to let 
them down to the proper temper, and articles 
in which great elasticity is required, such as 
swords and watch springs, are tempered to a 
bright blue, equal to 550° Fah., while saws are 
brought to the highest tempering heat at which 
the dark-blue color shows itself. This tempera- 
ture, about 600° Fah., is that at which oil boils 


sions are, Sir J. W. Bazalgette, C.B., member | and inflames, so that a bath of oil is very fre- 
of council; Mr. Abernethy, vice president; | quently used in tempering, the articles bein 

Mr. Woods and Dr. Siemens, members of | immersed in it andthe temperature ascertuine 

council respectively. It has also been inti-| either by a thermometer or by the volume and 
mated that Dr. Siemens has been pleased to in- | color of the smoke which rises from the oil. 
vite the students to visit his telegraph works | Some tools are annealed by plunging them into 
at Old Charlton, on Saturday, the 7th April, | oil heated to 400° Fah., and allowed then to 
at 11 a.m., when the various processes cuon-| cool down init. Small steel tools, after being 
nected with the manufacture of telegraph | hardened by chilling in water, are coated with 


cables and apparatus will be explained and | tallow heated over a flame till the tallow begins 


illustrated. 
—_e-ge—_—_———_ 


IRON AND STEEL NOTES, 


> ae oe SPRING AND Too. STEeEL.—If 
steel is heated to redness and allowed to 


cool slowly, it becomes nearly as soft as pig- 


iron, and can be readily worked. If, however, 
when so heated it is suddenly cooled, as by 
plunging it into water it becomes very hard 
and brittle. Between these two extremities 
almost any degree of hardness may be given 
steel, and in diminishing its hardness to that 
point that has been shown to be the best for 
certain uses consists the art of tempering. 
With the explanation that seems almost unnec- 
essary, that in tempering the steel is made very 
hard, and then its hardness reduced by heating 
it to a certain point indicated by the color of 
the steel, or, if heated in oil, by the color of 
the smoke or by flame, we give some rules to 
be observed intempering. (1) The steel should 
be very hard before tempering. If the articles 


to smoke, and then stuck into cold tallow. 
Large steel implements are set down to the 
proper temper by being heated in a kind of 
oven known as a muffle.—Jron. 


RONWORKS EN INDIA.—A Calcutta correspon- 

dent writes to us as follows:—‘ Having 
heard a great deal about ironmaking in India, 
| the many previous attempts and as many fail- 
| ures, we decided on taking advantage of a holi- 
day to pay a visit to the works of the ‘ Bengal 
Iron Company,’ which we had heard described 
as being the most promising of any attempt 
hitherto made. 

“The causes of the previous failures were 
various, the most prominent being the sup- 
posed impossibility of making good iron with 
the coal which is so plentiful here, and the 
| consequent expense of using the limited supply 
|of wood charcoal available. But as has now 
been proved, the real cause lay not im the in- 
| feriority of the materials, but in the want of a 
|competent manager. Fortunately for the suc- 





to be tempered are not properly hardened at/| cess of the ‘Bengal Iron Company’ in their 
first it will be time and labor lost to temper) laudable endeavors to give the minerals a 
them. (2) The heat for tempering should not | seventh trial, the directors secured the services 
be too suddenly applied. The slower the heat-| of Mr. W. R. Whitelaw, who was at the time 
ing the tougher and stronger the steel. @) The | manager of the Govan Ironworks, Glasgow, 
most eareful and experienced workman is liable | where he had made himself a name for energy 
to be deceived in the color of the steel, and| and ability in originating and completing 
consequently in the temperature in an imper- | several important improvements in the furna- 
fect light or at twilight. (4) Where water is| ces. The way he has performed his task here 
used for plunging the steel in, the less frequent- | has shown that their confidence was not mis- 
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placed, and is in the highest degree creditable 
to himself. 

‘‘We venture to think that very few would 
have come to this country and done so much 
in so short a time without any previous experi- 
ence whatever of the country or the people, 
who, as is well known, are peculiarly difficult 
to deal with. 

‘* The Government had promised to lend their 
aid in furthering the enterprise by taking up 
land; but after some delay they found that 
there was not an Act to enable them to carry 
out this intention, so it was devolved on the 
company to look for themselves. 

‘The manager was accordingly instructed 
to fix on a suitable site, and, after a good deal 
of not very pleasant or honorable opposition on 
the part of several coal companies, a favorable 
position was secured for commencing opera- 


tions, and also sufficient coal to carry on the | 


works fora long time to come. Ground was 
broken on Marci 1st, 1875, close tothe Burrakur 
branch of the East Indian Railway, between it 
and the Grand Trunk Road, which is within 
half-a-mile, thus securing all the advantages of 
easy and good communication with the coal 
an 


| bungalow, all planned by himself. 


Some difti- 
culty was expected in securing the necessary 
quantity of lime for carrying on the works, as 
the nearest was supposed to be above 200 miles 
off, but Mr. Whitelaw spent his spare time in 
scouring the country round about, and at last 
found magnesian limestone in abundance with- 
in ten miles of the works. 

‘*There is an abundant supply of limestone 
for fluxing. The coal cokes well and is in 
abundance also, and easily worked, and the 
ironstone now being smelted is picked off the 
fields, the supplies underneath never having 
been touched. The industry promises to be « 
great success, and there is already over £100,000 
sunk in the undertaking, Government not 
contributing a penny of it.”—Jron. 

— —  e@Be  —- 
RAILWAY NOTES. 


HE NaArRROwW-GAUGE Mountarn Ramway 
FROM KOsSTOKEN TO MARKSDORF IN Hvun- 
GARY.—The Austro-Hungarian Blast-Furnace 


| Company own extensive beds of iron ore neat 


Rostoken, at an elevation of 920 feet above the 


| Kaschau-Oderberger Railway, and 1872 it be- 


limestone quarries and with the markets | 


for the produce, not to speak of the benefit of | 


“getting the materials for constructing the works 
in the safest and quickest way. The surround- 
ing country is undulating, bare and barren, 


covered with a coarse gravel, and cultivated | 


only in the hollows. But the gravel is good 


ironstone, and the surface of the ground has | 


merely to be scraped to collect tons of it, 
several hundred tons having been got when 


making the foundations for the furnaces. 
‘The furnaces, two in number, are built on 
the open-topped principle, without taking the 


gas off. They are each fifty feet high, with a 
square base, built of stone found near the site, 


came the author’s duty to lay out a locomotive 
line for the transport of an estimated yearly 
output of about 50,000 tons of ore to the sta- 
tion at Marksdorf, where the roasting was car- 
ried on; the gauge of the new line was optional, 
as no transfer of rolling stock between the two 
lines was necessary. The line was carefully 
laid out, but, owing to the nature of the coun- 
try, extremely circuitous. The greatest bank, 
however, was only about 33 feet, whilst all 
tunneling was avoided The geological forms- 
tion was decomposed slate and red sandstone. 


It presented a rough and abrupt outline, neces- 


firebricks being only used for boshing and lin- | 


ing the barrels, fifteen inches thick. The bar- 
rels are round, as usual, and cased with iron. 
There are two hot-air stoves for each furnace, 
fired by coal in the ordinary way; two vertical 
blowing engines of 180 horse-power nominal, 


sitating curves of 164 feet radius. The higher 
portion of the line was about 3.1 miles long, 
with a rise of 1 in 375, the total length being 
124 miles, and the average gradient 1 in 40. 
The width of the gauge being 2 feet 44 inches, 


‘and the wheel base 5 feet 3 inches, the mini- 


but capable of working up to 300 tons; two) 


donkey engines for filling the boilers, &c., 
with a spare one in case of accident, and a pair 
of horizontal winding engines of twenty horse- 
power, for raising the materials to the furnaces. 
Steam is supplied to the whole of these from 
seven egg-ended boilers. The hoist, which is 
seventy-five feet high, is of a light and elegant 
construction, and stands between the two fur- 
naces, the entire works thus presenting an ex- 
ceedingly neat and compact appearance. The 
first cast was made just thirteen months after 
the ground was broken, and although at present 
only one of the furnaces is going, as much as 
twenty-five tons per day is turned out. Ata 
short distance a large foundry is all but com- 
pleted, which consists of three divisions, two 
of which are for castings, while the third con- 
tains an engine and boiler house, a machine 
shop, and a smith’s shop, the whole block being 
154 feet by 90 feet. Further up the slope are 
bungalows for the European staff with offices 
adjoining, and at the highest point of elevation, 
overlooking the whole, stands the manager’s 


mum radius of 164 feet was practicable, for 
Von Weber found that, in constructing the 
Brothal Railway, with a speed of about 9 or 10 
miles an hour, the minimum radius could be 
148 feet, the gauge being taken at 2 feet 8} 
inches. Deducting the number of non-work- 
ing days and allowing for gradients, &c., it 
was found necessary to compose every train of 
15 trucks, carrying 5 tons each, with a capacity 
of 3.27 cubic yards, and with a speed of nearly 
5 miles an hour. The length of the trucks was 
twice the wheel base, and the breadth rather 
less than double the gauge, the height being 
half the breadth. These dimensions were ar- 
rived at from the specific gravity of the ore, 
which was 2.0. The heavy weight of the ore 
produced considerable wear and tear, and nec- 
essitated strong frames for the trucks, which 
were composed chiefly of iron in a proportion 
of about 40 or 50 cwts. per truck, and furnish- 
ed with strong springs. Thus an empty train 
of 15 trucks had a gross weight of from 6U0 to 
750 cwts., which had to be dragged up an 
average incline of 1 in 40 for about 8 miles. 
As this required an engine of 15 tons, and with 
two wheels the load of 7 tons per axle would 
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have required a rail of 55 lbs. per lineal yard, | twelve spans of seventy feet each, resting on 


it was 


three wheels coupled and tender. Bessemer 


etermined to use a locomotive with | iron screw piles of two feet nine inches dia- 


meter, having wrought-iron blades of five feet 


steel rails of 38 lbs. per lineal yard we finally | diameter and five feet pitch. In the stretch 


adopted. The principal duty of the engine 
was to carry back the empty trucks up 1 in 40, | 


and thus the brake power became a serious 
question, the dead weight of the trucks being 
ingeniously used to assist in this purpose. 
Careful cross-sections were everywhere taken 
when laying out the line. 

Watering places along the route of the steep 
incline were found essential, and in erecting 
them the signalling stations were fixed at the 
same poiats, and when practicable they were 
placed near public roads, so as to lessen the 
dangers incident to level crossings. The natu- 
ral rock was largely used for ballast, with good 
results. The line was begu 
and completed in September, 1874. Where it 
is single the average width of formation is 64 
feet, but it varies with circumstances. The 
cuttings in rock permitted a slope of about 1 
in 6; where the material for embankments was 
rock, the slope was about 1 to 14, and 1 to 1} 
where it was earth. The nature of the strata 
forbade tunnelling. The total cost of the line, 
about £44,000, including rolling stock, but 
exclusive of land, was equal to abont £3,800 
per mile. The iron trucks cost about £107 
each.—PAUL KLUNZINGER, Allgemeine Bau- 
zeitung.— Mining Journal. 


i Rartways.—The Japanese appear 

to have become thoroughly aroused to the 
importance of the construction of railroads in 
that country, and the Island of Niphon pro- 
mises to be shortly as thoroughly traversed by 
steel rails as the most civilized country. The 
people are intelligent, and appreciate the im- 
portance of the new enterprise, and the popula- 
tion is dense. There are all the elements for 
the development of a first class, profitable sys- 
tem of railways. Osaka, a large inland town, 
is now connected by rail with Kobe, an en- 
terprising seaport. The road has been built 
by careful engineers, and has three quite elabo- 
rate tunnels, one of which is 365 feet in length. 
The bridges are chiefly of wood, some of them 
eighty feet in length, and of very excelent 
construction. One bridge is a masonry © -uc- 
ture, built in the most substantial manner, and 
another is an iron structure. The curves are 
frequent and some of them of short radius. 
Owing to the fact that a large part of the terri- 
tory traversed by the road is irrigated for 
agricultural purposes, the number of culverts 
is very large. There is one piece of road 
where there are as many as thirty culverts to 
the mile. Two of these openings are arched 
bridges. The first is over the Shindin-gawa; 
the next opening is a wooden trussed girder 
bridge or stone abutments, and having one 
span of forty feet over the Shiku-gawa, the 
next is one over the Hiruta-gawa, which has 
two spans of thirty feet each, within a quarter 
of a mile of Nishinomiya station. The Muko- 
gawa is crossed by the first of the three bridges 
which form the distinctive features of this por- 
tion of the line, as the tunnels do of the other. 
The bridge is an iron ‘‘ Warren girder” of 


n in April, 1873, | 


between this river and the next—the Kansaki- 
gawa—there is one curve, with a radius of a 
mile, and six flood openings varying from 100 


| feet to 180 feet in width, the spans being 20 feet 


each. They are built of granite to flood-level 
and backed with brick, nearly all the culverts 


| here being identical in construction, and vary- 


ing only in size. The iron bridge which 
crosses the Kansaki-gawa is identical in con- 
struction with that of the Muko-gawa, but 
consists of seventeen spans. A short stretch, 
containing five more culverts (the last of which, 
a sixty feet span, is bridged by small iron 
‘*Warren girders” instead of wooden ones), 
brings us to the other remaining iron bridge— 
that over the Jusho-gawa. This, though only 
of nine girders, is perhaps, the most striking to 
the eye of the three. The screw piles on which 
the bridges rest are shortest at the Muko-gawa, 
none there being longer than thirty-four feet 
and none more than twenty-two feet in the 
ground. At the Jusho-gawa the longest are 
forty feet, of which thirty are in the ground, 
while at the Kansaki-gawa they reach to the 
length of sixty-four feet. 

he termini of this road are fitted with sta- 


| tions covering large tracts of ground. That of 


Kebe covers 64 acres, and will contain side 


|tracks amounting in all to over five miles of 


rail, with large buildings for traffic, workshops, 
etc. A pier 450 feet in length by 40 ft. in 
breadth has been built into the sea, with water 
never less than 20 feet in depth, along a large 
portion of it. The Osaka station has 40 acres, 
and five miles of rail in its side tracks. The 
works have all been performed under the direc- 
tion of a first-class English civil engineer, Mr. 
John England. 


———_ oe 


ENGINEERING STRUCTURES. 


HE PrRoposeD OxnIo BripGeE LAaw.—The 
Joint Committee of the two houses of the 
Ohio Legislature, appointed to investigate the 
Ashtabula accident, has reported a bill ‘‘ to se- 
cure greater safety for public travel over 
bridges,” which imposes certain restrictions on 
the construction of bridges, and gives directions 
concerning their inspection thereafter, such as 
have never been established by law in this 
country heretofore, we believe. The first 
section provides that all railroad bridges on 
standard-guage roads shall be proportioned to 
carry the following loads per lineal foot for 
each track, in addition to their own weight: 
Span Load per ft. 
lbs. 

9,000 

4 7,500 

BPO REET cccccccecsasscsce 6,700 

12} to 15 ft 6,000 

15 to 20 ft 5,000 

20 to 30 ft. 4,300 

I ie 6 oye n'ncncnteis nade 3,700 

40 to 50 ft 3,300 

50 to 75 ft 3,200 
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In all bridge trusses, of whatever length, the 
several members in each panel shall be so pro- 
portioned as to sustain, in addition to its share 
of the uniform load as above stated, such con- 
centrated panel load as is provided by the bill 
for a bridge of a length equal to the length of 
the panel, 

Section 2 provides that every railroad bridge 
shall be so constructed as to be capable of 
carrying on each track, in addition to its own 
weight, two locomotives coupled together each 
weighing 91,200 lbs. on the drivers, within a 
space of 12} feet for each locomotive, followed 
by cars weighing 2,250 lbs. per lineal foot 
covering the remainder of thespan. The loads 
named in Section 1 must not strain any part of 
the material beyond one fifth of its ultimate 
strength. 

Section 3 prescribes that all highway bridges 
shall be constructed to carry the following 
loads per square foot: 

Span. For Other 
heavy traflic.* bridges. 

Ibs. Ibs. 
30 ft. (and less) 100 
30 to 50 ft. 90 
50 to 75 ft.........46- 8 
75 to 100 ft 75 
100 to 200 ft 60 
200 to 400 ft. ........ 50 

The floor-beam strength of each floor beam 
for each wagon way of bridges in cities and 
near large manufactories shall be not less than 
13,500 Ibs.; for other bridges, not less than 
11,250 Ibs. 

Section 4 provides that the stress on the best 
quality of wrought iron used in bridges shall 
not exceed, in tension, 10,000 lbs. per square 
inch for long bars or rods, and 8,000 Ibs. for 
short lengths; and against shearing, 7,500 lbs. 
For the best quality of wrought iron in beams, 
the strains must not exceed, in compression, 
the following: 


Length in 
diameters. 


-——AMinimum strain——, 
Squire ends. Round ends. 
Ibs. Ibs. 


—~. . 3 


~~ s 


If iron of inferior quality is used, the stress 
shall be proportionately less. 

Section 5 directs that;cast iron may be used 
in compression only, and in lengths not exceed- 


oe “City and suburban ‘brid s, and those over large 
rivers, where great concentration of weight is possible, 
and on highways in manufucturing districts.” 





ing 20 diameters, with the same stress as pre- 
scribed for wrought iron in the act: ‘‘In 
shapes other than square or cylindrical, 
whether wrought or cast iron be used, the 
stresses shall vary accordingly.” 

The greatest allowable strains per square 
inch on wood in bridges is given in section 6 
as 1,200 lbs. for oak and 1,000 Ibs. for pine, 
in tension; and for these woods in compression, 
according to their lengths in diameters, as fol- 
lows : 

Strain in Compression. 
Pine. 
Ibs. 
900 
700 
500 
300 

Section 7 makes it the duty of railroad com- 
panies or other corporations erecting a bridge 
for public travel, by contract or otherwise, to 
keep on the spot a competent engineer with 
power to reject any piece of material which 
may have been injured or may be imperfect 
from any cause. 

Section 8 prescribes that all bridges used 
for publie travel, of more than fifteen feet 
span, or having a truss, shall be inspected 
monthly by some competent person in the 
employ of the corporation owning the bridge, 
‘for the purpose of sceing that all iron posts 
are in order, and all rivets screwed home, that 
there are no loose rivets, that iron rails are in 
line and without wide joints, that the abut- 
ments and piers are in good condition, that 
the track-rails are smooth, and that all wooden 
parts of the structure are sound and in proper 
condition, and that the bridge is safe and sound 
in every respect.” This inspector is to report 
once in two months, under oath, giving a de- 
tailed statement of the condition of each bridge 
to the superintendent of the railroad, who must 
forward it to the Railroad Commissioner, who 
is to prescribe the form of blanks to be used 
by such inspectors. 

Section 9 provides for the inspection of high- 
way bridges. 

Section 10 requires that all railroads in the 
State, within sixty days after the Act goes into 
effect, shall report to the Railroad Commis- 
sioner a detailed statement of all bridges on 
their lines of more than fifteen feet span, or 
having a truss. 

Section 11 directs that the Governor, on the 
nomination of the Railroad Commissioner, 
shall appoint ‘‘some competent expert, at a 
salary not exceeding $3.000 a year, who shall 
have cognizance of the construction and main- 
tenance of every bridge intended for public 
travel in this State, and who shall hold his 
office for the period of five years, unless sooner 
dismissed by order of the Governor for reasons 
affecting his efficiency, in which case such rea- 
sons shall be given in writing by the Gover- 
nor.” This expert must pass an examination 
as to his competency before a committee of 
three members of the American Society of 
Civil Engineers. He will be subject to the 
direction of the Railroad Commissioner, who 
will cause him to inspect any bridge which 
has been reported defective, officially or other- 


Diameters 
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wise; if found unsafe, the Railroad Commis- 
sioner will prohibit its use until put in safe 
condition and so pronounced by the expert. 
Section 13 directs that all persons having in 
charge the letting of a contract for a bridge of 
more than thirty-five feet span, shall submit to 
this expert a strain sheet and drawings of the 
proposed structure, before work on itis begun, 
and the expert ‘shall certify its correctness, 
if correct, and make such alterations as may 


be necessary, if faulty in design or scanty in | 


materials, according to the standard prescribed 
in this act; and on the completion of such 
bridge, said expert shall critically examine the 
work in all its details, comparing and verifying 
the sections on the strain sheet with those of 
the actual structure, and if these last are in- 
sufficient, forbid the use of the work till the 
bridge is made sufficiently safe and strong.” 

Section 15 directs that there may be an appeal 
from the decision of the expert to the Railroad 
Commissioner. 

Section 16 provides that the Railroad Com- 
missioner shall stop the running of trains on 
railroads which neglect or refuse to comply 
with the act, aud provides punishments for 
false reports, etc. 

Section 17 provides that the standard loads 
of narrow-gauge roads may be thirty per cent. 
less than those prescribed for other railroads.— 
Railroad Gazette, 


——_ ° 
ORDNANCE AND NAVAL. 


+ ier Latest ARMSTRONG GuNn.—Sir W. G. 
ArmstTRoNG & Co. have recently com- 
pleted a breech-loading gun weighing a little 
over 39 tons, but called for convenience a 40- 
ton gun, whieh is by far the largest breech- 
loader hitherto constructed in this country. 
This weapon has just been the subject of trials 
at the proof ground belonging to the Elswick 
firm, situated some forty miles north of New- 
castle. The experiment attracted a large num- 
ber of British and foreign artillerists. This 
new 4-ton breech-loader is constructed upon 
the coil system, and is of 12-inch calibre. The 
breech mechanism follows generally the French 
pattern—that is to say, it consists of a remova- 
ble breech screw, so cut away in the thread as 
to take its full hold by bein 
one-sixth of a revolution. This screw draws 
back upon a hinged shelf, on which it swings 
back clear of the breech. But though the gun 
is similar to the French breech-loaders so far 
as the screw is concerned, it is altogether dif- 
ferent in the mode of stopping the gas. This 
is done by using a steel cup resting upon a 
slightly convex surface on the head of the 


breech screw. The edge of the cup is pressed | 


by the screw against a step or shoulder in the 
gun, so that, when screwed up, the base of 
the cup is forced to take the form of the con- 
vex head on which it rests, and thus the lip is 
expanded against the circular surface which 
surrounds it. When the breech screw is open- 
ed, the cup recovers its form by its elasticity, 
and thereby releases its hold, and comes out 
on the screw with perfect freedom. The Els- 
wick firm have made several smaller guns upon 


turned through | 





| firing of the 40-ton breech loader. 





this principle, one of which fired upwards of 
500 rounds in Italy with such excellent results 
that the Italian Seven adopted the pat- 
tern, and ordered a very considerable number 
of these guns, many of which have been already 
supplied and are now in use. The experiments 
on the present occasion commenced with the 
trial of a breech-loader of this description, 
weighing 26 cwt. and of 43-inch calibre. This 
gun was fired with charges of from 7? lbs to 84 
Ibs. of pebble powder. The breech was open- 
ed after each round by the officers present with 
the utmost facility, and the stoppage of the gas 
was seen to be absolutely perfect. The mean 
velocity obtained with the lowest charge (viz. 
7% lbs.) was 1491 feet per second; with the 8 
Ibs. charge it was 1543 feet, and was 8} Ibs. it 
was 1555 feet. With the highest charge the 
velocity instruments failed to act. But the 
chief attraction of the day was, of course, the 
This was 
fired with a projectile weighing 700 lbs., and 
with charges commencing at 160 Ibs. of pebble 
powder, and increasing by steps of 19 Ibs. to 
180 Ibs. The velocities attained were very 
high, being 1564 feet per second with 170 lbs., 
and 1615 feet with 180 Ibs. The last-named 
velocity was the lowest indication given by the 
two instruments used, but taking the average 
of both instruments and including the observa- 
tions with the same charge on a previous day, 
the velocity for a charge of 180 lbs. with this 
gun is about 1650 feet per second. The highest 
pressure in the bore was 19 tons per square 
inch. The stoppage of the gas was just as per- 
fect in the large gun as in the smaller one, and 
the breech was easily and rapidly opened and 
closed by one man accustomed to the work, 
and by the mere application of his hands, with- 
out using any tool whatever. The projectiles 
are of the simplest description, being neither 
leaded nor studded, but acquiring rotation by 
acopper band at the base which is forced into 
the grooves. At this trial the F pom greg were 
fired into a deep bank of sand so as to be re- 
covered after firing. On examination after 
recovery the copper band was found to have 
acted perfectly. 
—_ -a>e —_—— 
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RESTS AND MOISTURE, OR EFFECTS OF 

Forests oN Humipity or CLIMATE. By 
JoHn CrouMBIE Brown, LL.D. Edinburgh : 
Oliver & Boyd. For sale by D. Van Nostrand. 
Price $5.25. 

The subject of this treatise is already begin- 
ning to attract earnest attention in this country; 
and the belief that the aridity of the Great 
Plateau, west of the Mississippi, may be cured 
by raising trees is even now bearing fruit in 
several regions, particularly in Kansas and 
Colorado. : 

The writer of this book has made the sub- 
ject a study under circumstances exceptionally 
favorable. He has been an extensive traveller, 
is an eminent botanist, and has been for some 
time a resident of South Africa. 

One of his former works (Hydrology of South 
Africa) afforded much valuable information on 
this same subject. 
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The present treatise begins with the primary | AN Nostranp’s Scrence Serres.—No. 27. 
phenomena of vegetation: the structure of | On BorLeR INCRUSTATION AND CORROSION. 
plants, and the physiology of their growth. By F. J. Rowan. Price 50 cents. , 

This latter topic is expanded through two| This little work includes, as its title implies, 
chapters, dealing particularly with absorption | two very important subjects. The Author has 
of water by leaves, and with the production of | carefully studied both subjects in different 
water by many varieties of plants. | localities, and under such different circum- 

Part II deals directly with the main subject | stances, that his conclusions possess a world- 
under the sub-title of Effects of Forests on the | wide value. 


Humidity of Climate, in separate chapters, | o . 
ooathetlag in succession: Immediate effects | ee a ae “MLE. — 
of forests on humidity of the atmosphere ;| 5 conts y . i 
Effects of forests on the humidity of the| “ee : : 
ground; Effects of forests on mn Pod in| Leen x = oe we gee, eae <4 
which the author cites instances to prove that | Potting » — t he an = thus same. 
as forests diminish marshes increase and vice | ™t#2g power has been thoroughly tried anc 
versa : Effects of forests on the moisture of a with such success, that its extension into other 
odin 4 xpanse of country ; Local effects on | Countries is warmly recommended by leading 
: ; or ° : engineers. 
rainfall and rivers ; Correspondence between | “Rll the details of a working system are de- 
rainfall and extent of forests. | ecstbed d th Iculati F ctutinn 1 
The author quotes throughout from other | S°™ tit es Se Se : thi littl — - 
writers, indeed he moderately styles the book pene en apne oe an eee Oe 
a compilation. In summing up the mass of | Manvat or Ruies, Tastes AND Data 
evidence, he concludes: ‘‘It appears to be es-| (XY ror MECHANICAL ENGINEERS. By DANIEL 
tablished that there are cases in which an ex- | Kinnear Cuark, C. E. New York: D. Van 
tensive destruction of forests has been followed | Nostrand. 
7 a ones, Conreeeee of = a of| Our previous experience with this Author 
‘, ee : an Meee gy Both yA t ~ nape ‘has led us to regard him as a a anne in 
ng rees has bee e all matters relatin i its eco- 
less complete restoration of humidity,—or the | me ce —— ny ee Se Se Ste 
planting of trees where there were none, has| his volume, of about 1,000 pages, com- 
been followed by a degree of humidity greatly | prises the leading rules and data relating to 
in excess of what had been previously observed ; | practical mechanics. 
that there are cases in which the rainfall within |" The Author has aimed to give the results of 
forests. or in their immediate vicinity has been | the latest investigations, many of them his 
as py I — ego eager — con the | own and many more of different authorities, of 
eyond ; ere are & : whom over three hundred are quoted. It is 
dessication of lands once clothed with forests | illustrated with numerous comeien 
and fertile, and now treeless, barren and dry,; One large octavo volume, $6.00 in cloth; 
may be attributable in part at least to other | gg 00 in half morocco. 
causes than the destruction of forests, and still | 
other cases in which destruction of forests does | ARP Sizina: A PRACTICAL, THEORETICAL 
not appear to have affected the quantity of | AND CHEMICAL TREATISE. By E. Webs. 
rainfall over a wide expanse of country.” ‘London: Simpkin & Marshall. Price. $3.75. 
These separate facts the author regards as| For sale by D. Van Nostrand. 
juite reconcilable with each other and adds| A short treatise, and as its title implies, of a 
finally:—‘‘ The effects of forests in retarding | technical character. The various materials 
the flow of rainfall after its precipitation has employed in sizing are treated in separate chap- 
been established, I consider beyond all ques-| ters. They are—Flour, Starches, ‘Tallow, 
tion ; and not less so their effect in maintaining | Cocoa Nut Oil, Palm Oil, China Clay, Chloride 
a general humidity of atmosphere and of soil.” | of Zinc, Chloride of Magnesium. Then fol- 
|lows an account of Methods and Machinery 
RAITE PRATIQUE DE PHOTOGRAPHIC AU! : “ <i . 
Guameen. Pam M. Lace Venat. Pacis: employed, and some recent patents for im- 


- WE ~ : | provements in the same. 

sg eg te Price $1.90. For sale by | Some folding plates illustrate the work. 
This little book is devoted to the single sub- | { SSAINISSEMENT DE LA SEINE. Paris: Gau- 

ject of Carbon Photographs. It has several thier-Villars. Price $8.00. For sale by 

beautiful pictures illustrative of the completed | D. Van Nostrand. 

process. There are three volumes of this finely exe- 


\narre THEORETIQUE ET PRATIQUE DE LA | — containing several maps and many 
J ee = ——. i a Pe _ It is a valuable contribution to that branch 
For sale by D. Van Nostrand, | of Engineering which comprehends the fullest 


The theoretical part of this work refers to “S® of rivers in populous districts, and in- 
the chemical structure of the sugars and the cludes irrigation, water supply and drainage. 


changes produced by fermentation processes. | [ Es PRoGRES DE LA PHoTrocrapny. Par 

A large space is devoted to analyses. The} A. Davanne. Paris: Gauthier-Villars. 

illustrations are many and excellent. | Price $2.60. For sale by D. Van Nostrand. 
The first volume only is as yet published.; This comprises an account of all the late 


It is royal octavo size, and contains 620 pages. | improvements in the photographic processes, 
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including the treatment of the negative as well 
as the positive impressions. Carbon Printing 
receives a fair share of attention, and does also 
Lithographic Photography. It is an octavo 
volume of 205 pages, and well printed, with 
but few illustrations. 


ROCEEDINGS OF THE INSTITUTION OF CIVIL 

ENGINEERS. London: Printed by William 
Clowes & Sons. 

We have received the following valuable 


papers: 

On the Combustion of Refuse Vegetable Sub- 
stances, such as Straw, Reeds, Cotton, Stalks, 
Brushwood, etc., under Steam Boilers. By 
John Head, Assoc. Inst. C. E. 

The Repairs and Renewals of Locomotives. 
By Alexander McDonald, M. Inst. C. E. 

Both papers are accompanied by abstracts of 
the discussions upon them. 


IGNAL SERVICE REPORT FOR THE YEAR 1876. 
Washington: Government Printing Office. 
The report of what is termed by the papers 
the Weather Bureau, has come to hand in good 
season. It is in no way inferior to its prede- 
cessors in point of interest. 

Some new features in the present report, will 
prove interesting to many who take no further 
interest in the generalizations deduced from 
the immense accumulation of details, of the 
Signal Service. Among these are a set of very 
neat maps, exhibiting separately the paths of 
storms for each of the twelve months during 
five years; also a general average of such paths 
on each of these maps. The extension of the 
International exchange of Signals, and the 
Circumpolar map exhibiting the locations of 
the foreign stations, are points of peculiar in- 
terest to all. 

In a general summary of the work of the 
Bureau, General Myer says, of the duties ex- 
pected of the service for last year: 

“«They have been to give protection to com- 
merce by warnings on all of the Atlantic and 
Gulf coasts of the United States, and on those 
of the lakes; to watch the river-changes along 
their courses in the great river-valleys; to note 
at seasons the temperatures affecting canal-com- 
merce; to carry telegraphic-lines, by which 
meteorological reports may be had, over regions 
considered impracticable for such construc- 
tions; to maintain a system of connected sta- 
tions on the sea-coast; to take charge of the 
recognized system of voluntary meteorological 
observations on this continent, in addition to 
the regular system of the service; to secure the 
co-operation of foreign observers in foreign 
countries; to endeavor to aid directly all the 
farming population in the harvesting of their 
crops; and, finally, to put it in the power of 
every citizen to know each day, with reasonable 
accuracy, the approaching weather-changes. 

‘““The Chief Signal Officer earnestly recom- 
mends legislation for a more complete organi- 
zation of the Signal-Service. With duties now 
as extensive as important, and reaching directly 
more interests of the people of the United 
States than those of any other bureau of the 
War Department, it exists without laws provid- 
ing for the permanent employment and grades 
of its officers, or the promotion of its enlisted 





men. This condition is found to seriously em- 
barrass the work of the Office. The subject of 
such organization received last year careful 
attention, and was favorably recommended by 
the President to the consideration of Congress. 
The experience of the year has demonstrated 
the need of it. If the service is to advance to 
greater successes, it cannot be too safely guard- 
ed es possible hamperings. A bill provid- 
ing for a permanent organization was passed 
by the Senate at its last Session. 

‘The results for the year give cause for en- 
couragement. The question of the useful pre- 
announcement of approaching meteoric changes 
may be considered as settled by now six years 
of successful service. With each year of labor 
the paths for improvement have opened more 
plainly. The co-operation of scientists has 
continued, both at home and abroad. The 
uses of the work accomplished, the results to 
be hoped from that in the future, have been 
well appreciated. The popular support and 
the support of the press have not failed. 
Whatever there has been of embarrassment 
can be but temporary. The opportunities for 
rendering a public good remain to the service. 
The effort will be to use them.” 


———_ +g>- 
MISCELLANEOUS. 


MERICAN CoMPETITION.—Whilst the scis- 
sorsmakers of Sheffield find scissors made 

in Germany, of Sheffield steel, offered in 
Sheffield at considerably under Sheffield prices, 
the edge tool and general hardware manufac- 
turers of the same town and of Birmingham 
and Wolverhampton, receive communications 
from important British colonies, directing that 
specified valuable miscellaneous hardware 
consignments shall be made up of American 
and not British products. This was a require- 
ment from Australia by a late mail. By a more 
recent mail, a similar communication has been 
received from the Cape Colony. If American 
cutting tools had alone been specified, no great 
surprise would have been experienced ; but 
that general hardwares of American origin 
should be preferred at the Cape to those of 
English firms is very unsatisfactory news. 
There is reason to conclude that much of this 


preference is due to the indisposition of English 
exporters to adapt their manufactures to the 


necessities of the market. This will especially 
appear when we point out that the same mail 
has brought information that the Americans 
have devised a light plough to be drawn by 
native oxen ; and that the plough is being so 
favorably received, that it threatens soon to 
wholly destroy the excellent business hitherto 
done by many English edge-tool firms in the 
old Caffre mamootie. The Americans would 
seem to be not wholly undeserving of the suc- 
cess which they are earning. The lesson is 
very simple; and masters and men in this coun- 
try ought long ago to have learnt it. 


LEGRAPH EXTENSION IN VIcToRIA-—The 

electric telegraph has recently been ex- 
tended to Lilydale, and a banquet to celebrate 
the opening of communication has been held. 





